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SOURCE CONTROL SUMMARY DOCUMENT
FOR DUWAMISH/DIAGONAL SEDIMENT CLEANUP PROJECT

1.  INTRODUCTION

After the EBDRP Panel considered several alternatives, including a much broader area,
the draft Duwamish/Diagonal Cleanup Study Report (December 2001) proposed a
cleanup area of about 5-acres in size (actual size is 4.8 acres) immediately in front of the
Duwamish CSO and Diagonal CSO/SD outfalls.  The site was limited by available funds.
However, during the public review process in February 2002, comments were received
that recommended the site be expanded to remove an upstream area of high sediment
chemistry called a chemical hot spot.  The primary concern was that the 5-acre cleanup
area would be recontaminated with PCBs exceeding the SQS when the chemical hot spot
was dredged in the future.  The Elliott Bay Duwamish Restoration Program (EBDRP)
Panel had previously discussed the potential recontamination problem created by the
upstream hot, but it appeared that the cost to address the upstream hot spot was beyond
the available sediment remediation budget.  In response to the concerns expressed about
PCB recontamination and the lower cost estimates for the original project, the EBDRP
Panel requested that an evaluation be conducted to determine if the upstream hot spot
could be cleaned up using the remaining EBDRP sediment remediation funds.  An
expanded project was designed that removes the upstream hot spot and the cost of this
expanded project was within the remaining EBDRP sediment remediation funds.  Based
on this new information, the EBDRP Panel is considering this expanded
Duwamish/Diagonal cleanup project.

The Duwamish/Diagonal project schedule is very tight in an effort to begin construction
of the cleanup action by November 2003 when the dredging window opens.  Numerous
permits are required before the project goes to construction and project staff cannot
officially start the permitting process before the project is approved by Ecology.  The
Duwamish/Diagonal cleanup project was started in 1994 under the State Sediment
Management Standards (SMS) process.  Under this process, Ecology prepares a Cleanup
Action Decision (CAD) document that issues Ecology's official determination of project
approval.

Project staff met with Ecology and EPA staff to discussed the expanded project proposal
and determine what information the regulatory agencies would need in order to consider
the expanded project, and also allow the preparation of the CAD to proceed according to
schedule.  At the meeting it was determined that the regulatory agencies needed more
information on the following three issues: 1) specific details about the expanded project;
2) documentation that source control had been addressed for the site; and 3) that the
review comments for the Cleanup Study Report had been addressed appropriately.  It was
agreed that King County would produce three separate (stand-alone) products to provide
information as soon as possible.  These three products are the following:
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1. The first document, titled Expanded Area For the Duwamish/Diagonal Cleanup
Project, will provide details about the expanded project including reasons for
expanding the project, the new project boundaries, justification for setting the
boundaries, revised cost estimates, and methods for implementing the expanded
project.  The original 4.8-acre site was designated as cleanup Area A.  To remove the
upstream chemical hot spot, the project was expanded 2.1 acres and this part of the
project was designated cleanup Area B.  The dredge plan for the project is shown in
Figure EX-1.  Figure 2-4—Shoreline Features and Bathymetry shows the location of
discharge pipes.  Figure 5-9—Composite SQS/CSL Exceedance Areas shows sample
stations with boundaries for Area A and Area B.

2. The second document, titled Source Control Summary, will provide a complete
summary of the source control activities related to discharge pipes and other potential
sources near the cleanup area. The following write up is the stand-alone document
that provides the Source Control Summary

3. The third document, titled Responses to Reviewer Comments, will address all the
comments received during the public review of the Cleanup Study Report in February
2002.

At some point in the future, all three of these documents will be attached to the finalized
Cleanup Study Report as an expanded responsiveness summary.  To expedited review of
the expanded project, it was agreed that all three of these documents would be provided
to Ecology and EPA prior to release of the finalized Cleanup Study Report.  The schedule
is for King County to provide these documents to Ecology and EPA the first part of April
2002, so work can proceed on finishing the CAD for public review in early March 2002.

2.  OVERVIEW OF SOURCE CONTROL ACTIVITIES AND CONCLUSIONS

The general conclusion of the source control summary document was that many source
control activities have occurred to reduce chemical inputs, which has eliminated concern
about recontamination for most chemicals. There are a several discharge pipes that border
the cleanup area, but only one is currently considered to be a significant source for
recontamination. The Diagonal CSO/SD discharges about 1,230 MGY (million gallons
per year) of separated storm water and less than 65 MGY of CSO (combined sewer
overflow is mixed storm water and sewer water).  The only two chemicals that are
identified as a potential concern for recontamination are bis(2-ethylhexyl)phthalate and
butyl benzyl phthalate, which are present in both separated storm water and CSO
discharges.  A brief overview of the main source control activities and conclusions is
presented in this section and greater detail is provided in subsequent sections.

The Diagonal CSO/SD is one of two discharge pipes that are located along the inshore
boarder of cleanup Area A and these discharges are located near the center of the border.
The Diagonal CSO/SD discharge consists of a large concrete structure located in the
intertidal area and attached to a buried 12-foot diameter pipe.  A large amount of CSO
control has occurred at Diagonal CSO/SD with the City of Seattle reducing CSO
discharges to less than one event per year.  King County has achieved about 80 percent
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reduction in CSO volume at Diagonal CSO/SD with about 65 MGY remaining.  The
largest volume of discharge occurs from separated storm water from the Diagonal and
Hanford basins and is estimated at 1,230 MGY.  Sediment has settled in a long flat
section of the pipe that is regularly filled with river water during high tide.  The City of
Seattle will conduct a pipe-cleaning project to remove the sediment and any associated
contaminants before the Duwamish/Diagonal cleanup project is implemented.  This will
remove any historical contamination that may be left in the pipe and keep it from being
flushed out onto the clean site.  It will also allow new sediment accumulations to be
assessed for ongoing source control activities.

The second outfall that boarders cleanup Area A is called the Duwamish CSO and this is
a submerged outfall located about 100 feet upstream from the Diagonal CSO/SD. The
Duwamish CSO is the emergency overflow for the Siphon and for the Duwamish Pump
station, but this CSO is not expected to overflow unless there is an emergency situation
that shuts down the pump station (i.e. power loss due to an earthquake). The Duwamish
CSO has not overflowed since 1989 and is not considered a significant recontamination
source.

There is also another outfall downstream of cleanup Area A.  This SD outfall is off
Nevada Street and drains a portion of the Port of Seattle T106 property that is used for
warehousing and for a shipping container repair facility.  It is several hundred yards
downstream of Area A.  There is an additional small, abandoned SD outfall on this
property.

Cleanup Area B does not extend to the shoreline, but two discharge pipes are shown to be
located inshore of the inshore cleanup boundary.  The largest pipe is the historic outfall
pipe from the old Diagonal Ave. treatment plant that operated from 1940 to 1969.  This
discharge pipe is exposed at low tide and is broken about 20 feet back from the outfall
structure that appears to have settled.  There has been no treatment plant discharge out
this outfall for over 30 years, but a chemical hot spot is well defined in the sediment
located offshore.  In 1977, a dredging project was conducted by Chiyoda Corporation to
create a mooring area and this dredging likely removed contaminated river sediment
located down stream of the outfall.  This project also dredged away the old shoreline,
creating a new shoreline about 100 feet inshore of the old shoreline.  Cleanup Area B
extends upstream and down stream of the old treatment plant outfall and removes the
entire chemical hot spot.

At the upstream end of cleanup Area B there is a small (12-inch) storm drainpipe located
in the upper intertidal area.  This small pipe is Diagonal Ave. South storm drain with a
drainage basin of about 12 acres.   Three sediment samples were collected offshore from
this small SD pipe; however, the only chemicals that showed increased values near the
storm drain were the two phthalates (butyl benzyl phthalate and bis (2-ethylhexyl)
phthalate) that are present throughout Areas A and B.  The lack of any elevated
chemicals, besides phthalates, in these three sediment samples collected in front of the
small SD outfall suggests there are no problem discharges to this small pipe that could be
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a potential recontamination source to Area B.  Also, the City and the regional hazardous
waste program carry out periodic business inspections in this basin.

While the two outfall pipes that boarder cleanup Area B (historic treatment plant outfall
and small Diagonal Ave. S. SD) are not considered to be a potential source of
recontamination to the cleanup area, there exists other potential types of inputs from the
neighboring property.  Through the years, there were numerous activities at the old
Diagonal Avenue sewage treatment plant property that could have introduced chemicals
into the sediments.  These activities include the use of sewage sludge drying ponds
(1930-1969), dredge settling ponds for PCBs (1976) and filling with contaminated
sediment dredged from near the old treatment plant outfall (1977). Consequently,
regulatory agencies asked whether surface drainage, groundwater discharge, or bank
erosion from the old treatment property could pose a potential source of recontamination
to the Duwamish/Diagonal cleanup project.

After reviewing available information, project staff concluded that it appears unlikely that
surface water, ground water, or bank erosion from the old treatment plant property would
be a significant source recontamination to the Duwamish/Diagonal cleanup project.  Most
of the shoreline of the old treatment plant property is covered with rip rap rock to
stabilize the bank.  The one area that has exposed intertidal sediment was sampled and
chemical analysis results showed low chemical concentrations.  The row of sediment
samples collected closest to shore near the old treatment plant property were low in most
chemicals including PCBs.  A large part of the old treatment plant property has been
paved over (former Lafarge Cement site and T108 container storage), which will limit
surface water contact with underlying sediment and prevent input from surface water.
The Port of Seattle sampled groundwater at 14 wells drilled on the old treatment plant
property in 1991/1992 (also called the Chiyoda/Chevron property) and the data do not
indicate any problem chemicals in ground water.

There are three different programs that are applied to the entire Seattle area and reduce
chemical inputs to CSO and SD discharges:
1. The City of Seattle runs a storm water protection program that involves business

inspections and catch basin maintenance.
2. King County runs an industrial pretreatment program that is designed to limit

chemical discharges to the sewer system in order to protect the sewage treatment
plants from chemical upsets and to limit the amount of chemicals in biosolids.

3. A multi-agency hazardous waste program also inspects businesses to reduce the use
of and promote the proper disposal of chemicals, which also significantly helps
reduce chemical input into the drainage system.

In 1996 and 1997, the City conducted a focused business inspection in the Diagonal
storm water drainage basin (Diagonal plus Hanford) as a source control action for the
sediment cleanup project.  Starting in late 2000 and continuing through 2001, the City of
Seattle conducted additional business inspections in the storm water drainage basin.
More inspections in this area are planned in the future through all three of the programs
listed above.
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All of the CSO control and BMP activities performed to date as well as ongoing activities
reduce the chemical loading that will discharge out the Diagonal CSO/SD.  This
reduction can be seen in the core data in Section 5 of the Cleanup Study Report, where
the older, deeper sediments have higher concentrations.  The reduction of concentrations
towards the surface demonstrates the reduction in loading being discharged.  This
reduction of loading is a direct measure of the success of source control activities to date.

Past experience monitoring sediments off CSO and SD discharges indicate that the only
chemicals that produce sediment concentration above the SMS standards are the
phthalates.  The phthalates have wide spread usage in products and do not appear to be
coming from localized point sources that could be controlled by industrial source control
actions.  Resource agencies seem to be in agreement that it is difficult to remove
phthalates from large storm water discharges and that it is important to proceed with
cleanup projects that remove high priority chemicals like PCBs even if there is potential
for some level of phthalate recontamination.  However, if ongoing source inspections
identify significant sources, these will be investigated.

As part of the lower Duwamish River Superfund activities, Ecology has taken the lead to
develop a comprehensive source control program that will protect sediments in the
Duwamish River, including all sediment remediation sites.  This comprehensive source
control program will be developed during the next year and will apply to the Diagonal
CSO/SD.  Ongoing source control activities in the contributing basins will be consistent
with and guided by this plan.

3.  DISCHARGE PIPES AND ASSOCIATED SOURCE CONTROL ACTIONS

Prior to formation of the Municipality of Metropolitan Seattle (METO) in 1958 the City
and other surrounding communities had small treatment plants that discharged to Lake
Washington, Duwamish River, and Puget Sound.  Pollution of Lake Washington resulted
in the formation of METRO and the construction two new treatment plants at West Point
(1964) and Renton (1962) to improve local water quality.  To carry sewage flow to the
West Point treatment plant, a large pipe called the Elliott Bay Interceptor (EBI) pipe was
built along the east side of the Duwamish River and Elliott Bay. Three pump stations
(PS) were required to move the flow in the EBI to the West Point treatment plant.  The
East Marginal PS is located furthest upriver, while the Duwamish PS is located near the
Duwamish/Diagonal project.  The Interbay PS was positioned at the downstream end of
the EBI and is located on the north side of Elliott Bay.  Sewage flow from West Seattle
was required to travel east under the Duwamish River in a Siphon to reach the Duwamish
PS where the sewage is then pumped north in the EBI. Two parallel siphon pipes (21-
inch and 42-inch) are buried in the bottom of the Duwamish River and they pass under
cleanup Area A.

The collection system designed for the West Point treatment plant contained relief points
called combined sewer overflows (CSOs) to control the amount of combined sewage and
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storm water that could enter the system and especially the EBI.  This design was needed
because a large part of the service area had a combined sewer system that carried both
sewage and storm water in the same pipes, which resulted in very large flow volumes
during rainstorms.  Because it would be very difficult to collect and treat all the storm
water with the sewage, the West Point treatment plant was built large enough to handle
all of the sewage flow and up to twice this volume of storm water.  During large storm
events, the combined volume of sewage and storm water exceeded the capacity of the
system and was addressed by having a series of relief points along the pipe.  The CSO
relief points only overflowed periodically during high flow periods.  Regulator stations
were built where the local sewage collection systems entered the EBI.  During base flow
all of the sewage flow from the local collection system was directed into the interceptor
line, but when the volume increased greatly due to storm water, the excess flow from the
local system was diverted to the receiving water as a CSO discharge.

Eventually it was recognized that the CSO discharges were pollutant sources that needed
to be controlled.  METRO instituted a formal CSO control program in 1979 under the
impetus of the Federal Water Pollution Control Act Amendments of 1972.  In 1987,
Chapter 173-245 Washington Administrative Code (WAC) went into effect under the
administration of Ecology, requiring reductions in CSO volumes to an average of one
untreated discharge per year at each outfall.  Chapter 173-245 WAC also requires CSO
plans specifying the means of complying with the regulations.

METRO (now King County Department of Natural Resources and Parks -KCDNRP)
developed an interim goal of achieving an overall reduction of 75 percent in CSO volume
throughout the KCDNRP jurisdiction by the end of the year 2005.  The first CSO control
plan was prepare by METRO in 1988 and subsequently King County prepared 5-year
update plans in 1995 and 2000.  The current priority set for CSO control is to first address
the outfalls that discharge in areas where there is the highest potential for human contact
due to swimming or beach use.  Because there is greater beach usage by humans near
Puget Sound CSO sites, these areas were given higher priority to implement than the
CSO sites in the Duwamish River.  Consequently, the present schedule for completing
CSO control projects in the Duwamish River are generally specified for years in the
2020's.  This schedule applies to the remaining 65 MGY CSO coming out the Diagonal
CSO/SD from King County.

The City also has CSO locations in the local collection system and these pipes discharge
to the Duwamish River and Elliott Bay.  The City has implemented a program to control
CSO discharges and has almost achieved the required level of control in the Duwamish
watershed (no more then one overflow event per year).  It is important to point out that
King County CSO volumes started out much larger than the City's CSO volumes,
because the County assumed ownership of the large regulator stations that direct flows
from the local collections systems into the large interceptor pipes like the EBI.

There are five discharge pipes that are relevant to the expanded sediment cleanup project
and each will be discussed individually.  The first two pipes boarder cleanup Area A and
the second two pipes are inshore of cleanup Area B.  The final pipe is downstream from
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Area A.  Only the Diagonal CSO/SD is considered to be a significant source to the
cleanup area.

3.1.  Diagonal CSO/SD Discharge

In 1966/1967 the City installed the large Diagonal storm drain line along the north
boundary of the Diagonal Avenue treatment plant, which was in operation until 1969.
The 12-foot diameter buried pipe ended at a large rectangular concrete outfall structure.
The bottom of the outfall was set at an elevation of minus 3 feet (MLLW).  There is no
tide gate in the outfall so the long flat pipe regularly fills with Duwamish River water at
high tide and at low tide empties accordingly. The Diagonal CSO/SD construction was
part of a joint contract that METRO issued to build the Siphon across the Duwamish
River and connect the Siphon to the Duwamish PS that was being built inshore to the
east.

The Diagonal CSO/SD outfall receives primarily storm water and minor CSO flows from
both the Diagonal and Hanford drainage basins.  The volume of separated storm water
discharged annually was estimated to be about 1,230 MGY when the drainage basin for
Diagonal was assigned a value of 1,012 acres and the drainage basin for Hanford was
assigned a value of 1,573 acres in the King County overflow model.  The Diagonal
CSO/SD is the City's largest storm water outfall handling runoff from a combined
drainage area of about 2,585 acres (1,012 acres Diagonal plus 1,573 acres Hanford—see
memo to Pat Romberg from Zhong Ji and drainage basin map) of residential,
commercial, and about seven miles of I-5 freeway runoff.  The 2001 draft Cleanup Study
Report listed the combined drainage basin as 1,583 acres (Executive Summary, page ES-
1 and section 3.2.1, on page 3-2); however, the combined drainage basin is actually 2,585
acres and this corrected value will be included when the Cleanup Study Report is
finalized.

In addition to the separated storm water discharge, there is still a limited amount of CSO
flow that is tributary to the Diagonal CSO/SD.  There are a few local CSO points that can
discharge into the storm water system. The City has completed over 90 percent CSO
control in the Diagonal CSO/SD drainage basin and KCDNRP has achieved about 80
percent CSO control in the basin.  The City collection system has 6 CSO locations that
discharge into the Diagonal CSO/SD system from a drainage basin of about 620 acres.
Five of the six City CSO locations were controlled by separation and storage to less than
one overflow event per year.  The one remaining CSO has a drainage basin of about 40
acres with a remaining CSO volume of about 0.5 MGY, but his site is scheduled for a
CSO reduction project to be completed before 2004.

The KCDNRP collection system has 3 CSO locations that discharge into the Diagonal
CSO/SD system and historically the CSO volume was estimated to be about 300 MGY.
The CSO volumes from the KCDNRP discharges were reduced by about 80 percent by a
past project, which leaves about 65 MGY remaining.   The one CSO that is only partially
controlled is the Hanford # 1 CSO, which is thought to have historically discharged as
much as 300 MGY out the Diagonal CSO/SD.  The flow is estimated based on old
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reports that indicate the combined CSO volume for Hanford # 1 and # 2 together was as
high as 600 MGY. It was also suggested that the flows were about equal, so the value of
300 MGY was used as the historic volume of Hanford # 1.  The Hanford # 2 CSO
discharges at a different location called the Hanford CSO, which is located further down
river along the east side of the East Waterway.

The flow from Hanford # 1 was originally thought to result from only one combined
sewer connection that was controlled in 1992.  Later, 3 upstream connections were
discovered: Bayview North; Bayview South; and Hanford at Rainer.  There are now
reported as Hanford # 1 and have control project scheduled to be completed in 2026.
The method in which Hanford # 1 CSO overflows made it difficult for the model to
accurately predict the overflow volume at that site.  The model predicted a volume of 32
MGY, but due to the uncertainty in this prediction, the volume was doubled to 65 MGY,
which is the volume reported in the draft 2001 Cleanup Study Report (Swarner, personal
communication 1999).  Further work is needed to accurately model the flow from the
Hanford # 1 CSO.

In addition to the individual CSO control projects under taken by KCDNRP to reduce
CSO flow, there was also a large system wide project implemented to reduce CSO
overflows at all points in the collection system.  This system was originally called the
CATAD (Computer Augmented Treatment and Discharge) that uses pipe storage to
reduce the volume of CSO flow that is discharged.  A control system allows regulator
gates to be kept closed a longer time, which stores CSO flow in the pipes until they are
filled.  This storage delays the time when the CSO starts and ultimately reduces the
volume of CSO discharged.  This system is being improved with more computer
technology, which optimized the storage capacity over the entire system by using rain
sensors to predict where in the KCDNRP system the CSO flows are likely to occur.

3.2.  Duwamish CSO/Emergency Bypass

The Duwamish CSO outfall is a buried pipe located on the east side of the river.  This
outfall is the emergency relief point for the Siphon and the Duwamish PS.  The
Duwamish CSO does not overflow regularly like most true CSO discharge points.  The
last time this CSO overflowed was more then 11 years ago in 1989.

When the EBI was built in the mid 1960's, a series of emergency overflow pipes had to
be installed at appropriate locations to protect the conveyance system from damage.
Pipes need an emergency overflow because if the large volume of sewage flowing in the
pipes were stopped immediately, the momentum of the flow would damage the pipe
structures.  The Siphon pipes that cross the river at Duwamish/Diagonal have an
emergency overflow pipe at each end where the Siphon reaches the riverbank.  At the
east bank, the emergency overflow pipe is called the Duwamish CSO.

Pump stations need an emergency overflow to prevent flooding and damage to pumps. If
there were an emergency shut down of the Duwamish PS, flow in the EBI must be
diverted to protect the pump station facility and the interceptor line.  In an emergency by-
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pass situation, the flow upstream of the Duwamish PS would be diverted away from the
pump station facility and out the Duwamish CSO pipe.  The Duwamish PS is equipped
with 3 very large sewage pumps plus an auxiliary power supply (engine generator unit)
so there should be no need to by-pass out the Duwamish CSO except in an emergency
beyond present back-up systems.  The Duwamish Pump Station has a peak flow of 63
mgd and a maximum pumping capacity of 100 mgd (three pumping units).  Also, under
normal dry weather conditions (23 mgd), the station has two hours of storage time from
shutdown to overflow.  In addition, the Duwamish Pump Station is equipped with sensors
for key operational conditions.  Alarm signals are connected to telemetry sending alarm
signals to West Division Main Control for continuous monitoring.  Therefore, during
normal conditions, it is unlikely that the pump station wet well will exceed a maximum
set point because the station has been designed with enough reliability that overflow into
the Duwamish River will not occur.

If an emergency by-pass were required out the Duwamish CSO, the chemical
concentrations in the sewage or mixed sewage/storm water would hopefully be similar to
the concentrations that are found regularly in either sewage or CSO samples that are
routinely taken from the sewer collection system and treatment plants.  Regular sampling
of the influent of the Duwamish PS has been performed by KCDNRP's Industrial Waste
Section, but not during storm periods.  King County's Industrial Waste program is one of
two local programs that are specifically designed to reduce the chemical levels in both the
CSO and storm water discharges.  These programs are discussed later in the next section
of this document.  These programs can also reduce the possibility that an earthquake will
cause uncontrolled spills or discharge of pollutants to the receiving water.

The drainage basins that would contribute to an emergency by-pass out the Duwamish
CSO have been identified and local programs that promote Best Management Practices
(BMPs) for chemicals already serve these drainage basins.  An emergency by-pass from
the Siphon would involve combined sewage and storm water from the Delridge Trunk
Sewer and the Chelan Avenue Regulator Station (both in West Seattle) that has a
combined drainage basin of 1,169 acres.  An emergency by-pass of the EBI (Elliott Bay
Interceptor) flow to protect the Duwamish PS would involve all the flow coming down
the EBI toward the Duwamish PS.  The drainage basin for this by-pass would be all
drainage basins upstream of the Duwamish PS.  This EBI flow originates from two areas;
1) the East Marginal PS located upstream (drainage basin of 907 acres), plus 2) the flow
from the local drainage located between the East Marginal PS and the Duwamish PS
(local basin of 128 acres).   Information regarding industrial and business inspection
programs in these drainage basins is presented in a separate section of the Source Control
Summary document (see Section 4).

3.3.  Historic Diagonal Avenue Sewage Treatment Plant

The former Diagonal Avenue treatment plant was located near the river about 150 m to
the south (upstream) of the Diagonal SD/CSO outfall. The treatment plant was built by
the City and began operation in 1940. Plant capacity was 7 to 8 million gallons per day
(MGD) of primary treatment with only a two-hour wastewater retention time (EBDRP
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1994b). METRO was formed in 1958 to improve sewage treatment in the Seattle area,
and took over operation of the plant in 1962. This plant was operational until 1969 when
the final stage of the Elliott Bay Interceptor pipeline was completed and flows were
diverted to the West Point treatment plant. The Diagonal Avenue treatment plant treated
wastewater from Seattle's primary industrial core and was considered to be one of the
most overloaded plants in the Seattle system (EBDRP 1 994b). Flow to the plant was
limited by an upstream regulator that provided a bypass directly to the Duwamish River
south of Slip 1 (Brown and Caldwell 1958). Due to the combined storm and sewer
system, the plant frequently diverted untreated sewage into the Duwamish River during
rain events (EBDRP 1994b). Treatment plant structures were removed in the mid-1970s,
except for two below-ground clarifiers that were filled (AGI 1992). The sludge in the
drying beds was covered with fill (AGI 1992) probably excavated from the near shore
area when a berthing area was dredged in 1977.

A large portion of the contaminated sediment that may have been associated with the old
treatment plant outfall appears to have been removed in 1977 when Chiyoda Corporation
dredged a nearshore berthing area on the north side (downstream) of the old outfall.
Chiyoda Corporation acquired the former treatment plant site in the mid-1970s. Little is
known about Chiyoda Corporation's operations, except that it was a chemical company
that wanted to develop a shore-based loading dock. They dredged the inshore area, but
were unsuccessful at obtaining permits for the shore-based dock. Later, a mooring dock
of piling clusters was built offshore.

In 1976, PCB-contaminated dredge spoils from a 1974 transformer fluid spill in Slip 1
(containing Aroclor 1242) were disposed on the Chiyoda property by the USACE.  Two
lagoons were excavated along the northern edge of the property in the former treatment
plant for sludge beds to treat approximately 10 million gallons of PCB-contaminated
sediment dredged from near Slip 1 (see aerial photo C-3, Appendix C of draft 2001
Cleanup Study Report).  PCB-contaminated sediment was deposited primarily in the first
receiving lagoon located closet to the river. Water pumped from the disposal lagoons was
treated by particulate, sand, and charcoal filters prior to discharge to the Duwamish
Waterway (AGI 1992).  The PCB disposal pits were eventually back-filled with material
from the excavation and additional sediment that Chiyoda dredged from the shoreline to
improve berthing (AGI 1992).

The Port of Seattle acquired the Chiyoda property in 1980. The Port later sold part of the
property to Chevron, retaining the portion along the river. Soil contaminated with
petroleum hydrocarbons was stockpiled in the vicinity of the former disposal lagoons
(AGI 1992). This soil was treated to meet the State of Washington TPH cleanup level of
200 mg/kg. The Port leased the southern part of the site to Lafarge Cement Company,
which occupied the site from 1989-1998 and loaded cement barges at the mooring pile
dock. This site is currently the Port of Seattle's Terminal 108 expansion area and is used
for container storage.

3.4.  Diagonal Avenue South Storm Drain
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The Diagonal Avenue South SD is a small (12-inch) storm drainpipe located at the
upstream end of cleanup Area B, but this pipe is located inshore in the upper intertidal
area.  This SD serves a relatively small drainage basin of about 12-acres that runs a short
distance back from the river along Diagonal Avenue and is mostly paved.  No effort was
made to determine the volume of storm water that discharges out the Diagonal Ave. SD,
because the volume would be small compared to the 1,200 MGY of storm water
discharged out the Diagonal CSO/SD (located about 1,000 feet down stream).  The 12-
acre drainage basin for Diagonal Ave. South SD is about one-half of one percent (0.5
percent) of the 2,585-acre Diagonal CSO/SD drainage basin.

The only chemistry data reported for Diagonal Ave. South SD was a sediment sample
collected from the pipe in 1985 for the Elliott Bay Action Program (Tetra Tech 1988).
The data for the 1985 sediment sample was reported in the 1994 Duwamish/Diagonal
Cleanup Study Plan and compared to state SMS values after normalizing appropriate
chemicals for total organic carbon. This same data was reported in Appendix B of the
2001 draft Cleanup Study Report as Table 3-1.  Three of the detected chemicals exceeded
the SQS (zinc, indeno(1,2,3-c,d)pyrene, and di-n-octyl phthalate) and one exceeded the
CSL value (chromium).  This table also shows that 7 of the undetected chemicals were
above the SMS values.  Four of these seven chemicals exceeded the CSL values (1, 2-
dichlorobenzene, 1,4-dichlorobenzene, hexachlorobenzene, and benzyl alxohol) and three
exceeded the SQS values (1,2, 4-trichlorobenzene, butyl benzyl phthalate, and total
PCBs).  For these seven undetected chemicals, it is not possible to know whether the
chemical concentrations were really above or below the SMS.

The sampling for the Duwamish/Diagonal cleanup study did not collect any sediment or
water samples from the Diagonal Ave. South SD discharge pipe because sediment off
shore from this pipe did not show any unusual chemical elevations.  As part of the
Duwamish/Diagonal site investigation, three sediment samples were collected offshore
from the small SD pipe.  The only chemicals that showed increased values near the storm
drain were the two phthalates (butyl benzyl phthalate and bis(2-ethylhexyl)phthalate) that
are present in Areas A and B.  The lack of any elevated chemicals, besides phthalates, in
these three sediment samples collected in front of the small SD outfall suggests there are
no problem discharges to this small pipe that could be a potential recontamination source
to Area B.  Also, this small drainage basin would be subject to periodic business
inspections carried out for other programs as discussed in the next section.

4.  INDUSTRY AND BUSINESS INSPECTIONS FOR SOURCE CONTROL

Information regarding the types of industries and businesses in the drainage basins
tributary to the CSO and SD discharges at the Duwamish/Diagonal sediment cleanup
project was provided in Chapter 3 (Source Control Evaluation) of the 2001 draft Cleanup
Study Report.  However, it was pointed out this information was old because the source
was a 1994 EBDRP report called the Cleanup Study Work Plan.   A source control
evaluation was conducted in 1994, when the Duwamish/Diagonal project started, because
this was required as part of the SMS process.  The project was sidelined for a few years
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by EBDRP, meaning the initial source control work occurred a number of years before
the expected cleanup.  But it was understood that additional source control work would
be conducted in the basin. Since that time, the City Stormwater Inspection Program, the
Industrial Pretreatment Program and the Regional Hazardous Waste program have all
carried out regular inspections in the drainage basin.  All of these programs are described
in more detail later in this section.  These programs are designed to protect the landfills,
the waste water treatment plants (including biosolids) and the local marine receiving
waters of the Duwamish River and Elliott Bay.  Because these programs are long term,
they help fulfill the need for ongoing source control in the Diagonal CSO/SD drainage
basins.  Ecology is also preparing a comprehensive Source Control Plan for the lower
Duwamish River Superfund area, which means that those source control objectives,
requirements and implementation plans will apply to the Duwamish/Diagonal sediment
cleanup site and drainage area.

4.1.  City Storm Water Inspection Program

In 1996/1997 the City's Drainage and Waste Water Utility (DWU) undertook special
source control investigations in the Diagonal CSO/SD basin in preparation for the
Duwamish/Diagonal sediment cleanup project.  The City began this work in 1995 and
used standard industrial classification codes (SIC) to identify about 1,000 businesses,
focusing on outdoor activities to minimize the presence of onsite pollutants that could
come in contact with stormwater runoff.  The majority of these businesses involved
manufacturing, scrap yards, transportation, or automotive repair.  Of these businesses, it
was determined that more than 700 do not conduct outdoor activities that could
potentially harm the environment (City of Seattle 1996).  The remaining businesses were
targeted for source control inspections.  The names of these businesses are included in
Appendix D of the Cleanup Study Report.  The 264 business listed were to either
received a drive-by inspection or an actual site visit inspection during 1996/1997.  Also, a
series of information bulletins were mailed to businesses.  The objective was to control
contamination input from upland basins by promoting best management practices,
including disposal/storage activities and housekeeping practices, and to increase local
awareness of the importance of protecting water quality.

The City has been conducting a second set of source inspections in the basin that will
continue into 2003.  In 2001, 200 businesses were inspected in the western portion of the
Diagonal basin (109 drive-by inspections and 91 complete onsite inspections).  A list of
businesses inspected is provided in Table 1 and a map of the business locations is
provided in Figure 1 attached to this Source Control Summary document.  A total of 81
of the businesses inspected were not in compliance with City stormwater source control
requirements.  As shown in Figure 2 attached to this Source Control Document, most of
the problems were related to inadequate maintenance of onsite storm drainage systems
(33 percent) and inadequate spill response programs (47 percent).  SPU inspectors
worked with the business owners to improve their stormwater pollution prevention
practices.  As of March 2002, over 90 percent of the businesses inspected are now in
compliance with City stormwater requirements.
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Beginning in late 2000 and running through 2001, the City also conducted an intense
business inspection program in the Diagonal CSO/SD basin trying to locate the source of
a sticky white material that fouled fish nets on September 25, 2000.  Samples of sticky
material revealed it was a water-soluble acrylic resin that has a verity of uses including
coatings for paper, textiles, and wood products, in adhesives, and in ion exchange resins.
A number of businesses in the vicinity of the outfall were investigated, but no specific
source of the resin material has yet been identified.  The City prepared a brief summary
of these activities in a memo attached to this Source Control Summary document.

The City inspections were initially conducted to identify possible sources of oil and resin
materials, but also to evaluate storm water pollution prevention practices and to ensure
that businesses were in compliance with the source control requirements of the City
storm water, grading, and drainage control code (SMC 22,800).  As of July 5, 2000, all
businesses and residential properties are required to implement certain operational
controls to reduce storm water pollution runoff (i.e., maintain onsite storm drain facilities,
identify and eliminate illicit connections to the drainage systems, and maintain
driveways, parking lots and sidewalks).  In addition, businesses that engage in the
following high-risk pollution generating activities are required to implement additional
operational controls and must implement structural controls when applying for building
permits after January 1, 2001:  1) Fueling operations; 2) Vehicle, equipment, and building
washing and cleaning operations; 3) Truck or rail loading and unloading of liquid or solid
materials; 4) Liquid storage in stationary above ground tanks; 5) Outside portable
container storage of liquids, food wastes, or dangerous wastes; 6) Outside storage of non-
containerized materials, by-products, or finished products; 7) Outside manufacturing
activity; and 8) Landscape construction and maintenance.  Business inspections focus on
outdoor activities to minimize the presence of onsite pollutants that could come in contact
with storm water runoff.  Specific requirements for operational and structural controls are
described in the City's 2000 Source Control Technical Requirements Manual.

During 2002 and 2003, the City surface water quality team will continue conducting
source control activities in the Diagonal basin to support the early action cleanup
proposed for the Duwamish/Diagonal CSO/SD as part of the lower Duwamish Superfund
investigation. An additional inspector will be hired in 2002, who will be assigned
primarily to the City Duwamish source control effort. Pollutant source inspections will be
expanded to cover the eastern portion of the drainage basin that was not covered in 2001.
In addition, focused inspections will be conducted at select businesses in the basin to
determine whether these facilities are sources of the contaminants of concern (COC)
found in the sediment offshore of the Diagonal outfall.

Another City program that reduces pollutant inputs from storm water is the program to
clean street catch basins on a regular basis.  Street dirt contains a great deal of chemical
pollutants and a large percentage of the pollutants are attached to the dirt particles.  Catch
basins are designed to keep the street dirt from traveling into the storm drain pipe where
the dirt will either accumulate and plug the pipe or be washed out to the receiving water.
The main objective of the catch basin maintenance is to trap the street dirt before it enters
the storm drain or sewer pipe.  The catch basins tributary to the Duwamish/Diagonal
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cleanup area will be cleaned regularly and this will reduce the input of contaminated
street dirt in storm water discharges.

4.2.  KC Industrial Waste Program

King County implements an Industrial Waste (IW) Program that started in 1969 and is
consistent with the requirements of the Clean Water Act.  The IW program requires
nondomestic users of the metropolitan sewer system to pretreat wastewater before
discharging it into the sewer system.  Standards and limits are established to protect
sewerage facilities and treatment processes, public health and safety, and the receiving
waters.  King County’s IW rules and regulations require all industrial users to comply, at
a minimum, with the applicable pretreatment standards and requirements of the Clean
Water Act.  In addition, the regulations require King County to establish discharge
standards and limitations to the extent necessary to enable King County to comply with
the NPDES. The IW program is funded by a combination of user charges and King County
sewer fees and the 2000 budget was $1.48 million.

The IW program requires businesses to comply with federal, state, and local limits on
pollutants.  Regulated pollutants include heavy metals, flammable materials, sulfides,
cyanide, organic compounds and laboratory chemicals. King County implements the
pretreatment program through waste discharge permits and authorizations to industrial
users. The program has resulted in a major decline of undesirable chemicals in
wastewater received by King County treatment plants since the program began in 1969.

The IW program issues wastewater discharge permits and discharge authorizations to
companies that have industrial processes with the potential to adversely affect King County
treatment facilities.  Permits are more comprehensive than discharge authorizations and
generally require self-monitoring of the company’s discharge.  In addition to self-monitoring,
King County staff inspects facilities with discharge permits and authorizations.  Permits are
issued to “Significant Industrial Users”.   Facilities below the threshold that require permits,
can be issued discharge authorizations in the minor category (fewer requirements and no self-
monitoring) or the major category (requires a limited amount of self-monitoring).  At the end
of 1999, King County had 145 Significant Industrial Users and 279 discharge authorizations.

In the past year, the IW program completed 210 inspections of Signficant Industrial Users and
77 inspections of facilities with discharge authorizations.  Staff collected 2,628 compliance
samples, primarily from Significant Industrial Users.  In addition, companies reported that
they had undertaken self-monitoring by performing 23,185 analyses of samples.  When
violations were identified, the IW program did follow-up inspections and sampling to verify
that conditions causing the violations were corrected and eliminated.  None of the violations
identified by King County or by self-monitoring caused NPDES exceptions at King County
treatment facilities (King County, 2000c).
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In addition to monitoring discharges by businesses with discharge permits and
authorizations, the Industrial Waste Program monitors pollutant levels at other locations
throughout the wastewater collection system.  Samples of wastewater influent are
collected daily at the South Plant and the West Plant.  Samples of wastewater are
collected two weeks each year at several pump stations, siphons, interceptors, and key
manholes (central points through which all wastewater from each sector of land flows).
Each sampling station is monitored continuously for one week during the wet-weather
season (November through April) and for one week during the dry-weather season (May
through October).  Heavy metal and other pollutant levels are measured and analyzed.
The ongoing data collection allows staff to determine the range of pollutant
concentrations over time.  When heavy metals or other pollutants are detected at
unusually high concentrations, staff often can determine the approximate direction from
which a pollutant is coming, track the discharge to its source, and take corrective action.

All of these actions significantly lower the concentrations of pollutants in sewage and
therefore in any CSO discharges that occur at the Diagonal CSO/SD.  The King County
IW program has some of the most stringent pretreatment requirements in the nation –
significantly below EPA requirements.  The ongoing tracking program will continue to
identify violations or new sources or dumping.  In the future the IW program will provide
some additional support to source control investigations in the Diagonal CSO/SD
drainage basin.  One IW staff person will be assigned to work primarily in the Diagonal
CSO/SD drainage basin during the last half of 2002 and in 2003.

4.3.  Regional Hazardous Waste Program

The Regional Hazardous Waste Management Program complements King County's
Industrial Waste Program by educating local residents and small businesses on ways to
reduce hazardous waste and prevent water pollution.  The program is a cooperative effort
among King County DNRP (Solid Waste and Water & Land Resources Divisions),
Public Health-Seattle and King County, City of Seattle Public Utilities, and 38 cities in
King County and Snohomish County.  This program implements the Local Hazardous
Waste Management Plan adopted in 1990 by King County and all the local cities. The
program is funded through fees added into commercial and residential garbage and sewer
rates.  The 2001 budget was $12.6 million. The program provides facilities for household
and hazardous waste management and mobile collection and disposal operation.

The regional Hazardous Waste Management program targets industry groups and
geographic areas to provide technical assistance.  The staff make site visits to small
businesses throughout King County and all of its incorporated cities and observe
operating practices.   When problem materials, such as lead, mercury, and solvent-based
paints, are being disposed of in the sanitary sewer, staff counsel the company on correct
practices.  When necessary, staff can refer the matter to the Industrial Waste Program for
regulatory action.  In 2000, program staff inspected more than 3,000 businesses.  Follow-
up inspections indicate that 75 to 80 percent of businesses make at least one positive
change in hazardous waste management or environmental practices as a result of the
initial visit, and some businesses make numerous changes (Galvin, 2001).  The
Duwamish has been included in the geographic area coverage, meaning that every
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business has been visited, in addition to targeted efforts for all auto body and repair
shops, machine shops, photo labs and dry cleaners in the basin.

In addition to site visits, the program provides vouchers to qualified businesses to help
defray the cost of hazardous waste management and equipment upgrading.  Staff conduct
household hazardous waste education through a telephone hotline, publications and
public outreach.  Also, staff respond to complaints about pollution incidents related to
hazardous materials.  Recent presentations were given to EPA and Ecology staff to
inform them about the regional Hazardous Waste program and additional information can
be provide upon request.

King County is currently sorting all the business inspections made by the regional
hazardous waste program to determine how many were in the Diagonal CSO/SD drainage
basin.  This information will be assembled to provide documentation of businesses and
activities.  Also, this information will be coordinated with the inspection data from both
the City business inspection work and the King County industrial waste inspection work.
In 2002 and 2003, efforts will be made to focus revisits and to visit new businesses
within the Diagonal CSO/SD drainage basin.

4.4.  EPA Enforcement Action

The federal government has authorized EPA to regulate and enforce dangerous and
hazardous waste through the Toxic Substances Control Act.  The Elliott Bay Action
Program that was conducted in the mid 1980's was a larger program funded by EPA to
find and eliminate chemical discharges to Elliott Bay and the Duwamish River.  Several
volumes of reports were produced documenting chemical levels in bottom sediments and
potential sources.

One example of where EPA took an enforcement action on a business in the Diagonal
CSO/SD drainage basin was in 1984 when Janco-United received criminal charges and
fines for discharging chemicals to the soil and storm sewer.  Janco-United was a janitorial
chemical supply company that formulated and repackaged a variety of commercial grade
cleaners from concentrate.  To avoid METRO's Industrial Pretreatment permitting
process, the company installed an illegal drain-pipe in the summer of 1992 that lead to
the Diagonal CSO/SD.  For approximately every working day for 27 months, chemicals
ranging from dilute rinsate to discontinued product were discharged by company
employees down a storm sewer that was illegally connected to the Diagonal CSO/SD
system.  EPA found high concentrations of phthalates, chlorinated benzenes, and volatile
organic compounds in soils and drains at the facility located at 4412 Fourth Avenue.
Phthalates are two of the four chemicals that exceed SMS values at the
Duwamish/Diagonal cleanup area as reported in the draft 2001 Cleanup Study Report.

4.5.  CERCLA and MTCA Programs

The Comprehensive Environmental Response, Compensation and Liability Act of 1980
(CERCL), also known as Superfund, provide the national policy and procedures to
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identify and cleanup contaminated sites on the National Priority List (NPL).  The Lower
Duwamish Waterway was placed on the NPL on September 13, 2001 and is now a
Superfund site.  The Lower Duwamish Waterway Group consisting of the Port of Seattle,
the City of Seattle, Boeing, and King County are conducting a Remedial
Investigation/Feasibility Study of the site.  One aspect of the process is to identify early
action projects where remediation can be undertaken in the near term while the rest of the
sediment cleanup needs are established under the Superfund process.  Source control
requirements will apply to all early action projects.

The state of Washington has authority to regulate and enforce dangerous and hazardous
waste through the Model Toxic Control Act (MTCA).  Ecology is the lead for source
control aspects at the lower Duwamish Superfund site.  Ecology will develop a
comprehensive Source Control Plan to protect sediment quality and sediment cleanup
projects within the site that includes the Duwamish/Diagonal CSO/SD Cleanup project
site.  Provisions of this comprehensive plan will apply to the discharge pipes near the
Duwamish/Diagonal sediment cleanup project, which includes the large Diagonal
CSO/SD.

5.  INVESTIGATION OF OIL SHEEN FROM DIAGONAL CSO/SD

5.1.  Investigation

The City received reports of oil coming from the Diagonal CSO/SD and has investigated,
but has not conclusively located the source of this oil discharge.  The first oil sheen
reported to the City and the U.S. Coast Guard and was on August 2, 1996.  The City
investigated by looking in manholes along the pipe to see if the input source could be
located.  The tide moved the oil sheen up and down the pipe so it was not possible to
locate the source.  None of the side branches checked along the lower 1.3 miles of the
main storm drain showed any evidence of oil.  A one page summary of this oil sheen
investigation is dated February 7, 1997 and was included in Appendix B of the draft 2001
Cleanup Study Report.

The second documented oil sheen reported to the City and the U.S. Coast Guard was on
November 8, 1999, when a large oil sheen extended from the outfall to the mouth of the
river at Elliott Bay.  On February 14, 2000, the City installed a temporary containment
boom and absorbent boom offshore of the outfall.  City staff checked the outfall daily,
observing oil on a regular basis but at reduced levels.  Inspections were dropped to
weekly in 2001.  The internal absorbent boom continues to be replaced as needed (about
every2-3 months) and was last replaced on February 21, 2002.

While the source of the November 1999 spill has not been clearly identified, there were
two possible sources of petroleum hydrocarbons found in the basin.  In September 2000,
Seattle Public Utilities crews removed about 6,500 gallons of oil-contaminated material
from a storm drain at 7th Avenue S and S. Charlestown Street.  Sediment blocked the line
east of 7th Ave. S and during large storm events, this area could overflow to the Diagonal
CSO/SD.  Also, in July 2000, an oil sheen was observed in ground water and traced back
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to a Union Pacific recovery operation that removed and estimated 38,000 gallons of
diesel product.  When active product recovery operations were initiated, the oil sheen at
the Diagonal CSO/SD noticeably declined.  However it was not possible to directly link
the oil observed at the outfall with the diesel-contaminated groundwater.

5.2.  Tie to 4-Methyl Phenol in River Sediments

Petroleum products contain 4-methyl phenol, which means that the presence of this
compound in sediment could indicate the presence of oil products in sediments.  The
occurrence of 4-methyl phenol was seen to change over time in river sediments collected
from Duwamish/Diagonal study area and could indicate a corresponding change in the
input of sediments containing oil material.  Site assessment sampling in 1994 and 1995
did not find any 4-methyl phenol in any sample, but the compound appeared in samples
collected for the project in 1996.  A few sediment samples have been taken from the area
by other studies in 1997 and 1998 and 4-methyl phenol was present during both those
years.  The observation of 4-methyl phenol in samples from 1996 through 1998
corresponds to the August 1996 date that the oil sheen was observed from the Diagonal
CSO/SD.

Surface sediment samples were collected for the Duwamish/Diagonal project in 1992,
1994, 1995, and 1996.  Only the first and last years of sampling had 4-methyl phenol
been present in measurable concentrations.  In 1992, six preliminary samples were
collected, but only two of these had detectable levels at 130 ug/kg dry weight (DW).  In
1994, surface samples were collected from 35 stations and in 1995 surface samples were
collected from 10 surface sample; however, 4-methyl phenol was not detected in any of
these samples.  In 1996, samples were collected at 10 surface stations and all but 3
samples were above the detection limit.  The 7 samples above the detection limit had
fairly high values.  The 5 samples in front of the outfall (DUD200, DUD201 - DUD204)
had values that ranged from 484 -769 ug/kg DW, with two of these (DUD200 and
DUD204) were above the SQS/CSL value of 670 ug/kg DW.  However, the highest
samples were further upstream with a value of 1,350 ug/kg DW at Station DUD205 and a
value of 4,630 ug/kg DW at Station DUD207.  This station is located at about the middle
of the loading pier, but offshore at the east channel line.  In 1997, King County collected
samples near the Duwamish/Diagonal study area for the Duwamish Water Quality
Analysis and found 4-methyl phenol values that ranged from 168-427 ug/kg DW.  In
1998, a Puget Sound Ambient Monitoring (PSAM) station (# 204) collected from the
Duwamish/Diagonal study area was reported to exceed the SQS/CSL value of 670 ug/kg
DW.

King County has found the presence of 4-methy phenol in sediment varies over time at
the Pier 53-55 sediment cap along the Seattle waterfront, but speculated the source might
be wood waste rather than oil.  The 4.5 acre cap was placed in March 1992 and baseline
samples showed low chemical values.  The one year post-cap sampling (1993) revealed
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that the entire cap surface had been recontaminated with high levels of PAHs due to a
piling removal action at Coleman Ferry Dock, which boarders the cap. Despite high
levels of PAHs, no 4-methyl phenol was detected.  When the cap was sampled again in
1996, the PAHs levels were greatly reduced, but substantial levels of 4-methyl phenol
were found at all 7 surface grab stations.  The values ranged from 106 to 2,160 ug/kg DW
and the highest value (VG5) exceeded the SQS/CSL.  Four stations had values ranging
from 423 - 574 ug/kg DW.  These results prompted a special sampling event in 1998,
which showed that 4-methyl phenol values were reduced to undetectable levels.  The
source of 4-methyl phenol was not located but there was some speculation that it could be
related to wood waste.  Also, it appeared that the presence of this compound might be
seasonal, but this was not investigated.

The degredation rate of 4-methyl phenol is predicted to be rapid in aerobic conditions,
but slower under anerobic conditions.  In a freshwater lake, total degradation was shown
to occur in only 6 days, while the half-life in marine waters was less than 4 days. In a
study of anaerobic lake sediment, degradation did not begin during the 29 weeks of the
study (Howard 1991). Studies show 4-methylphenol has a very low adsorb to
soil/sediment (less than 1% in one study).  Howard (1991) also mentioned that the
highest levels and the most frequent detections of 4-methylphenol were in the effluent
discharges from the timber products industry. One speculation was that 4-methylphenol
on the Pier 53-55 cap might be associated with wood debris that could originate from
three sources: 1) wood products that have been cast off from the piers throughout
Seattle's history; 2) from the drift wood that accumulates along the waterfront; 3) from
wood or wood products used in the construction and repair of the piers along the
waterfront.  Oil was not listed as suspected source of 4-methyl phenol along the
waterfront.

Because the presence of 4-methy phenol in sediments at Duwamish/Diagonal cleanup
area could indicate the presence of oil in the sediment to be dredged, Ecology wanted to
know about contingency plans to address any oil released from the sediment during
dredging activities.  The design engineers for the project (Anchor Environmental) will
address this issue as part of a complete quality assurance (QA) plan for the project that
will be developed during design.  One method to address potential oil releases from
sediment during dredging that will be included in the QA plan is the use of an oil
absorption boom.  If the oil absorption boom were needed, the boom would likely be
used to encircle the area being dredged.  The oil absorption boom would be replaced as
needed to minimize any oil plume on the river surface.  If significant oil is observed in
the water that accumulates on the haul-barge, then one method to remove this oil would
be to place oil absorbent material overtop the filter fabric material used to filter water
before the accumulated water leaves the haul-barge back into the river.

6. DIAGONAL CSO/SD PIPE CLEANING PLAN

Considerable sediment has settled in the long flat section of the Diagonal CSO/SD pipe.
The City previously sampled this pipe in the 1980's, but in 1992 the City conducted a
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pipe inspection and sampled accumulated sediments as part of the EBDRP project.  It
was agreed early in the project that the sediment would need to be cleaned from the pipe
before the Duwamish/Diagonal sediment cleanup project was completed to avoid the
potential of any contamination in those sediments recontaminating the cleanup project.
The EBDRP project established a source control budget for various activities, and the
Diagonal CSO/SD pipe cleaning was assigned a projected cost of $ 500,000.00.  The City
took the lead to design and implement a project.  The City first determined how much
sediment was present in the pipe and then identified methods for conducting the pipe
cleaning.  Part of this activity involved collection of new pipe sediment chemistry
samples and this data will be discussed below along with the earlier data from 1992.

6.1.  Pipe Cleaning

Investigations discovered that sediment was present in main discharge line and also in
two tributary lines.  The maximum depth of accumulated sediment was about 12 inches
in the main and about 8 inches in one tributary line.  The volume of sediment in the main
line was estimated at about 434 cubic yards.  The volume of sediment in one tributary
line to be cleaned was estimated at about 64 cubic yards each.  The total projected
volume of sediment was about 498 cubic yards.  It is assumed that this sediment will be
taken to a landfill for disposal or to a soil-recycling contractor for treatment and re-use.
One of three pipe cleaning methods found to be feasible will be used to clean the pipe,
tentatively scheduled for the late summer dry season (August) of 2003.

6.2.  Chemical Samples Of Diagonal Pipe Sediments

In 1994, as part of the Duwamish/Diagonal project, the City collected 4 pipe sediment
samples from the Diagonal CSO/SD.  This data was reported in Appendix G of the 2001
draft Cleanup Study Report along with a map showing the sampling locations (see 1994
Pipe Sediment Sampling Locations Map and Figure 5 for Diagonal Storm Drain Pipe
Sediment Samples).  This pipe sediment data was originally used to decide that the
Diagonal CSO/SD pipe should be cleaned prior to performing the Duwamish/Diagonal
sediment cleanup action.  Information about the samples that the City collected from this
pipe in the 1980's was not included in the draft 2001 Cleanup Study Report because the
1994 data was more recent.   For source tracing activities, it is most useful to use the most
current data, which means the samples collected in 2002 will provide more information
than the 1994 pipe samples.

In January and February 2002, ll pipe sediment samples were collected and submitted for
chemical analysis.  The initial sampling plan was to collect sediment samples only from
the mainline, but it was discovered that two tributary side lines had sediment
accumulation.  In late January 2002, pipe sediment samples were collected at 7 of the 8
planned locations in the mainline.  In late February 2002, pipe sediment samples were
collected at 4 of the 5 planned locations in the tributary lines.  There was not enough
sediment present to collect a sample at all planned location.
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The chemical results will provide information to evaluate whether the pipe sediment can
be disposed of at a landfill and compare pipe sediment concentration with those of
surface sediments in the river in front of the outfall.  The data is also useful for source
tracing of high chemistry values that would indicate a problem discharge that should be
controlled.  The Data Report (dated March 28, 2002) was just received by project staff;
consequently, there has not been time to perform any of the data analysis listed above.
To insure Ecology and EPA have the data as soon as possible, a copy of the chemical
data is attached and is labeled Table C-1 and C-3.  Also attached is Table 2 that is a
Summary of Constituents Exceeding Criteria by Sample Location.  A few of the results
written in the report are included in this Source Control Summary document and the
entire pipe sampling report will soon be available.

Table C-1 shows that all samples collected from the main line had concentrations of total
petroleum hydrocarbons that were less then the MTCA Method A soil cleanup levels for
unrestricted use.  However, 4 of the 5 samples from the two tributary lines exceeded the
MTCA Method A cleanup level for total petroleum hydrocarbons (TPH) as motor oil.
One tributary sediment sample (T-3a; Duwamish Ave South) exceeded the TPH criteria
as diesel fuel.  All metals except cadmium at the Duwamish Avenue South tributary line
were less than the MTCA Method A soil cleanup level.  Even though the inline sediment
is above the MTCA criteria, the results show that sediment cleaned from the pipe is
suitable for disposal as a solid waste or for recycling and re-use following treatment.
When metals values are compared to the SMS criteria, only zinc exceeded the SQS value
and this was in 3 of the 5 tributary samples.

Table C-3 reports organic chemistry data compared to SMS standards and Table 2
summarizes the constituents that exceed the SMS and the MTCA Soil Cleanup Levels for
Unrestricted Uses.  This table shows that concentrations of two or more PAH compounds
in the three most down gradient main line sampling locations were greater than the SQS
criteria.  All sampling locations except one side tributary sample (T2) had concentrations
of bis(2-ethyl hexyl)phthalate that were greater than the SQS chemical criteria.  Three of
the 5 tributary lines exceeded the SQS value for butyl benzyl phthalate, but no main line
samples exceed SQS for this chemical.  Two of the mainline and all of the tributary
samples have concentrationsx of benzo(a)pyrene that were greater than MTCA Method A
soil cleanup levels. (Tetra Tech Technical Memo dated March 27, 2002).

7.0  SAMPLES OF PIPE SEDIMENT AND PIPE WATER

This section provides a summary of the samples that have been collected to characterize
pipe sediment and pipe water in the basin tributary to the Duwamish/Diagonal sediment
cleanup project. Also, provided is information about a 1996/1997 King County study that
conducted an extensive sampling program for CSOs that discharge to the Duwamish
River.

7.1.   Pipe Sediment Data
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The previous section reported that 11 new pipe sediment samples were collected from the
Diagonal CSO/SD during the first two months of 2002.  As discussed above, the data for
the 7 samples from the mainline and the 4 samples from the tributary lines are provided
to EPA and Ecology as part of this Source Control Summary document (see Tables C-1
and C-3).

No sediment sampling is possible for the Duwamish CSO discharge.  This CSO is
actually the emergency by-pass for the Siphon and the Duwamish pump station, which
has not overflowed for 11 years (since 1989).  There is no location to collect a sediment
sample from the Siphon and the continuous flow probably limits any accumulation of
sediment in the Siphons.  The only accumulated sediment in the Duwamish CSO pipe
would probably be located near the end of the outfall pipe where river sediment can settle
in the end of the discharge pipe.

The only other pipe discharging to the Duwamish/Diagonal cleanup area is the small (12-
inch) Diagonal Ave. S. storm drain that is located near the upstream corner, but inshore
of Cleanup Area B.  The drainage basin is 12 acres and runs a short distance back from
the river.  In 1988, the Elliott Bay Action Program sampled pipe sediment, but the pipe
has not been sampled since because the offshore sediments in front of the pipe did not
show any unusual chemicals.

In 1994, King County collected three sediment samples from directly in front of the small
outfall pipe (DUD013, DUD014, and DUD015) as part of the Duwamish/Diagonal site
assessment.  Sediment at these three stations looked like clean tan colored sand and the
chemical values were low for all chemicals except the 2 phthalates butyl benzyl phthalate
and bis(2-ethyl hexyl phthalate.  Both of these phthalates have higher concentration
downstream at the large Diagonal CSO/SD.  These sediment sample data are evaluated in
Section 7.3.

7.2.   Pipe Effluent Samples

The CSO discharges to the Diagonal CSO/SD have not been sampled.  However, King
County has a lot of CSO data that can be used to characterize the estimated 65 MGY of
CSO discharged to this basin.  King County characterized CSOs under a requirement of
the NPDES (National Pollution Discharge Elimination System) permit for West Point
Treatment Plant.  In addition, King County conducts special studies of CSO discharges at
various times.  The most recent study of CSO discharges to the Duwamish River was in
1996/1997 and resulted in a report titled King County Combined Sewer Overflow Water
Quality Assessment for the Duwamish River and Elliott Bay (1988).
A major CSO sampling activity was conducted in 1996/1997 and involved the collection
of over 100 samples that were analyzed for organic and metal pollutants.

The King County sampling activity in 1996/997 focussed on 4 CSO sites (Brandon St
CSO, Chelan Avenue CSO, King St CSO, and Hanford St CSO also know as Hanford # 2
CSO).  Appendix L of the CSO Study Report provided information on the dates that
different CSOs were sampled, and a copy is attached to this Source Control Summary
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document (see BIBLIOGRAPHY OF DATA REPORTS AND QUALITY ASSURANCE
REVIEWS).  The chemistry data for the 1996/1997 CSO sampling is contained in the
King County database.  The primary use of the 1996/1997 data was input to a
mathematical model that predicted chemical concentration in the Duwamish River with
and without CSO discharges.  Spreadsheets were prepared in 2002 to inventory the CSO
data available as potential input for new effluent modeling work and these inventory
sheets are attached.

About 1,230 MGY of separated storm water is discharged out the Diagonal CSO/SD and
King County conducted sampling in 1995 to characterize this storm water.  It took two
years to get 10 storm water samples because it is difficult to sample the lower part of this
drainage basin.  It is not possible to sample within the Diagonal CSO/SD or the lower
part of the tributary lines because these areas flood with river water during high tide.
During the first year the two planned sampling locations (Diagonal at Colorado and
Diagonal at Airport Way S.) had to be abandoned due to backup water during high tide.
The two pipes that King County was finally able to sample were located farther up the
system (South Hinds at 8th Avenue and South Horton at 13th Street South).

The metal and phthalate data for these 10 samples were included in Appendix H
(METRO Recontamination Modeling Report) of the draft 2001 Cleanup Study.  A copy
of this data table is attached to this Source Control Summary document (see table labeled
Stormwater vs Model).  In this table it shows the 3 samples from Hinds were pooled with
the 7 samples from Horton to produce average values that are listed on the right side of
the table.  For comparison, the first column on this table provides the average CSO value
that was derived for the 1996 model calculations.  The CSO values are mostly higher than
the average storm water value calculated from the 10 samples collected in 1995.  It was
recognized that the storm water data was limited with only 10 samples, so the model was
run using the higher CSO average values instead of storm water data to insure
conservative results.

The small (12-inch) Diagonal Avenue South storm drain has not been sampled for storm
water.  As stated above, the storm water from the Diagonal Avenue South SD was not
considered to be a significant potential recontamination source to the
Duwamish/Diagonal sediment cleanup project for three reasons:  1) The sediment
offshore from the pipe did not show any high chemical levels, 2) The flow is expected to
be low because the 12-acre drainage basin is only about one-half of one percent (0.5
percent) of the size of the 2,585-acre Diagonal CSO/SD drainage basin, 3) The small
discharge pipe is located far inshore from the inshore boundary of Cleanup Area B. These
CSO and stormwater sample data are evaluated in Section 7.3.

7.3.   Comparison To SMS Or Water Quality Criteria

The 2002 pipe samples have been compared to the SMS values as shown in Tables C-1
and C-3.  There were not many metals that exceeded standards.  Zinc exceeded SQS in
three of the 11 samples and chromium exceeded SQS in one sample. The two most down
gradient samples from the main line had 4 -8 PAH compounds that exceeded the SQS
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values.  The next sample upstream had only two PAH compounds above the SQS.  All
sample locations except one (T2 from tributary) had bis(2-ethylhexyl)phthalate above the
SQS and the highest value was in the main line sample second from the end (location of
most PAHs).  Three tributary lines exceeded the SQS for butyl benzyl phthalate
(Duwamish Avenue South, Denver Avenue South, and 1st Avenue South).  PCBs were
detected in two tributary lines and one of these was 35.6 mg/kg OC, which is above the
SQS.

The pipe data reflects accumulation over a long time so it may have limited value for
tracking current sources.  There is no way of knowing if the concentrations seen are from
current from historical contamination.  The pipe sediment will be removed, which takes
away the potential that the existing pipe sediment could recontaminate the cleanup
project.  After the pipe is cleaned, the new sediment that accumulates would be more
reflective of current sources.  Those sediments will be sampled to look for ongoing
sources.  However, it may take some time before a significant amount of new sediment
collects in the pipe.  In the meantime, the surface of the cap will be routinely sampled to
look for recontamination as part of the long-term monitoring plan.

King County does not typically compare the CSO water sample data directly to the Water
Quality Criteria because the discharge dilutes when it enters the receiving water.
Usually, the receiving water data is compared to the Water Quality Criteria.  King County
has measured receiving water quality and also has used models to predict the receiving
water concentrations.  As mentioned above, one part of the Duwamish Water Quality
Study was to take all the CSO data and use it as input to the hydraulic river model that
was able to calculated the chemical concentrations in the river water both with and
without the CSO discharges.  King County also collected at least 118 receiving water
sample (see data Inventory Sheets attached) that were analyzed for metals and organic
chemicals.  Both the measured values and the calculated values of river water meet the
Water Quality Standards.

Storm water will dilute when it enters the receiving water so again the comparison to
Water Quality Criteria must be done with caution.  The 10 storm water samples collected
in 1995 from Diagonal CSO/SD were compared to calculated Water Quality values for
metals.  Two sets of Water Quality Criteria values were calculated because freshwater
must be adjusted for hardness (see table attached to the storm water data—Water Quality
Criteria (ug/L)1).  Some metals, such as copper, lead, nickel, and zinc, exceed the Water
Quality Criteria, but these values would meet the criteria values with a dilution factor of
10-20, which is a relatively small dilution.  From the limited storm water data, it suggests
that some metals are higher at Hinds because two of these three samples had the highest
value for copper and zinc (samples from July 9, and November 8, 1995).

8. PHTHALATE RECONTAMINATION POTENTIAL

The two chemical groups of greatest interest for potential recontamination at
Duwamish/Diagonal are phthalates and PCBs.  These two chemicals have different
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sources, which required two different focuses to modeling.  The primary source of
phthalates is from the storm water discharged out the Diagonal CSO/SD; consequently,
phthalate recontamination modeling was tied to the discharge pipe.  The source of PCB
recontamination is not the present discharge pipes because based on even conservative
assumptions of PCB levels in the discharge, the concentrations are too low to be a
problem.  The most likely PCB source would be future dredging of contaminated
sediment. This issue requires a different model that will be discussed in a following
section.

8.1.   Recontamination Modeling

Sediment recontamination modeling of the Diagonal CSO/SD was conducted on three
separate occasions, using two different methods, in attempts to characterize the likelihood
of recontamination of the sediment in the Study Area following cleanup. The first
modeling effort was undertaken in 1996 by KCDNR, using a modification of the
SEDCAM model named METSED. This modeling had to be modified in 1997, when
new information from the City significantly increased the assumed stormwater discharge
for the Diagonal SD from an estimated annual flow of 685 MGY to 1230 MGY.  The
third modeling effort was conducted by WEST Consultants in 1999, using direct field
observations, supplemented by analytical and numerical results, to perform a mass
balance between the chemicals observed in the "footprint" and the various sources,
including background.

In 1996/1997, KCDNR conducted sediment recontamination modeling to evaluate the
likelihood of recontamination of the sediment at the site after sediment cleanup project
was completed. The full modeling report, including the update information, was
presented in Appendix H of the draft 2001 Cleanup Study Report and a summary was
provided in Section 3.4.1 of that report.  The conclusion of this modeling effort by
KCDNR was that cleaned sediment in the vicinity of the Duwamish/Diagonal outfalls
would likely be recontaminated above the SQS by bis (2-ethylhexyl) phthalate and butyl
benzyl phthalate. This modeling approach was not totally consistent because it also
predicted that two metals would pose a greater recontamination potential than the two
phthalates. However, the measured surface sediment concentrations at the site showed
that these two metals did not exceed the SMS values as was predicted by the model. This
conclusion led to further modeling, using another approach, in an effort to confirm or
refute these findings.

After a lot of discussion about modeling options, it was decided in 1999 to use a simple
mass balance model. The full modeling report from West Consultants was presented in
Appendix I and summarized in Section 3.4.2 of the draft 2001 Cleanup Study Report.  A
basic mass balance modeling approach was selected because it relies on the simplest
assumptions and is based primarily on field observations, supplemented by numerical
modeling results, to define the relationship between discharges from the storm drains and
combined sewer overflows and the nearby sediment. This approach was used to
determine the discharge load reduction necessary for each constituent to maintain
sediment quality compliance in the Duwamish/Diagonal footprint following cleanup.
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The results of this modeling effort indicate that chrysene, fluoranthene, pyrene, and 1,4-
dichlorobenzene will not exceed the SQS after cleanup (i.e., recontamination is unlikely
to occur). For butyl benzyl phthalate however, recontamination is indicated, even if
discharge from the storm drain is completely eliminated. Virtually the same is true for bis
(2-ethylhexyl) phthalate. Depending on the background concentration assumed for bis (2-
ethylhexyl) phthalate, upwards of 87 percent of the source would have to be eliminated to
maintain sediment concentrations below the SQS after cleanup.  This result suggested
that background levels of phthalates in the river are high enough that it would not take
much additional input from a particular discharge to exceed the SQS at that location.

The report also identifies important limitations to this method imposed by the available
data. Improved knowledge of settling rates near the discharges, chemistry of the
discharges, and chemistry of the background sediment would greatly reduce the
uncertainties present in the current analysis. However, simulation of the complex
physical and chemical processes that create the "footprint" from the various discharges
will remain difficult.

There presently is no model that can predict the recontamination that will result from the
CSO and storm water discharges because these outfalls have complicated discharge
conditions.  Because of the need to have a mathematical model that can accurately
sediment recontamination, King County started developing a new model in late 2001 that
should better predict recontamination for such complicated discharge scenarios.  This
model will first be developed for CSO discharge, but will be applicable to storm water
discharges.  That model, when ready, will be applied to the Duwamish/Diagonal outfalls
using the latest source data to improve the understanding of recontamination potential at
the site and help target the direction of any source control activities.

8.2.   Phthalate Toxicity

The toxicity of phthalates does not appear to be as great as suggested by the SMS criteria
values because biological effects are not observed when the numeric SQS and CSL
values are exceeded. Under the SMS rule, the potential for sediment to cause adverse
biological effects is defined by chemical criteria. Biological testing is routinely used to
confirm chemical designation of sediments (Ecology 1996). Three of the biological tests
specified by the SMS rule were used in this study: The amphipod (ten-day) and
echinoderm (21-day) bioassays were selected to identify acute effects based on mortality
and effective mortality (combined mortality and abnormality) endpoints, respectively.
The juvenile polychaete bioassay was selected to evaluate chronic effects based on a
growth rate endpoint.  The bioassay results are presented in Chapter 4 of the draft 2001
Cleanup Study Report, and the summary Table 4.8—Bioassay results and SMS
Interpretations is attached.

Two of the stations tested that exceeded the SQS value of 47 mg/kg OC for bis (2-
ethylhexyl) phthalate (DUD200, DUD201; 65- and 48 mg/kg OC, respectively) showed
no toxicity in any of the three bioassay tests.  Two other stations exceeded the CSL value
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of 78 mg/kg OC (DUD202, DUD205; 110- and 84 mg/kg OC, respectively) and also
showed no toxicity in any the three bioassay tests.  The highest concentration at Station
DUD202 was 1.4 times the CSL value, but showed no toxicity effects. Similar results
were found in a sediment dilution study conducted on sediments from the Thea Foss
Waterway in Commencement Bay, Washington. The highest concentration of bis (2-
ethylhexyl) phthalate that showed no toxicity was 1.7 times the CSL value (45 percent
Thea Foss sediment plus 55 percent dilution sediment).  This data shows that the toxicity
of phthalate is not as high as indicated by the SQS and CSL values.

8.3.  Factors Supporting Remediation

Even though modeling results show phthalates will recontaminate the area near the
Duwamish/Diagonal outfalls, there are factors that could justify proceeding with a
sediment remediation action to remove PCBs. Some of these factors deal with the
following issues: 1) the relative difficulty of achieving adequate phthalate source control
to prevent recontamination, 2) the relative toxicity of the PCBs and phthalates to human
health and biota, and 3) the relative size of potential phthalate recontamination compared
to the total size of the PCB cleanup area.

Phthalates are a common chemical found in stormwater and CSO discharges. Although
the concentrations are fairly low, the large stormwater volume of 1230 MGY results in
substantial loading. It will not be possible to eliminate the phthalates in the short term,
but it is possible to focus efforts on reducing sources where possible.  Source control
activities were discussed above that will focus on the Diagonal CSO/SD drainage basin in
an effort to reduce the loading of phthalates.

The removal of PCB "hot spots" is a priority for regulatory agencies, the tribes, and
project sponsors. The EBDRP panel has expressed a concern that PCBs pose a greater
risk to human health and the environment than do phthalates. Because of this concern
about PCBs it is considered important to move ahead with a sediment remediation action
to remove PCBs even if there is a potential for part of the cleanup site to recontaminate
with continuing phthalate discharges.  The current sediment is contaminated with several
highly toxic compounds.  The remediation would replace this contamination with a clean
site that has the potential to recontaminate over time with less toxic phthalates.

9. INPUT OF CHEMICALS FROM ADJACENT PROPERTY

The land on the inshore side of the Duwamish/Diagonal cleanup project is owned by the
Port of Seattle and designated as terminals T106 and T108.  In 1970, the Port made a
major change in the east riverbank north (downstream) of the current Diagonal CSO/SD.
A new river bank was established by installing a long rock bulkhead in the river and then
back-filling the site to create about 900 linear feet of new river front property that is now
T106.  This construction activity is visible in the 1970 aerial photo C-2 in Appendix C of
the draft 2001 Cleanup Study report.  The property south the Diagonal CSO/SD outfall
was the Diagonal Avenue South sewage treatment plant that closed in 1969 (also visible
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on aerial photo C-2).  After the treatment plant was removed, the property had two
settling pond constructed on the north half to receive PCBs dredged from Slip 1 (visible
on aerial photo C-3).  In 1977, the Chiyoda Corporation moved the shoreline on part of
the site about 100 feet inshore (visible on aerial photo C-4) and leveled the entire site.
The LaFarge Corporation used the upstream half of the site for bulk dry cement
receiving, storage, and trans-shipment during 1989 to 1998.  The old LaFarge site is open
for lease from the Port and the Port is using the rest of the property for container storage.

When the Port was contacted about obtaining property reports on T106 and T108, the
Port informed us that they were assembling the same information to send to EPA as part
of the Superfund potentially responsible party search and will be providing that data to
EPA soon.  Consequently, the following three categories may need to be updated when
more details about T106 and T108 become available.

9.1 Surface Runoff

Aerial photos show that most of T106 and T108 are paved except near shore, which will
prevent erosion by surface flow over contaminated soil.  The quality of the material used
to backfill the T106 property is not know at this time.  At T108, there are several
activities that resulted in contaminated sediment being deposited on site.  One small
storm drain on the south end of T106 once discharged to the small cove on the
downstream side of the Diagonal CSO/SD.  However, this pipe has been connected
directly to the Diagonal CSO/SD pipe. Current activities that allow pollutants on the
ground flow to the existing storm drains.  At present, any of the runoff collected from
these two properties are routed through the local drainage system to discharge at one of
three locations: Nevada St. SD north of Area A, the Diagonal CSO/SD mid Area A, or
the Diagonal Ave. S. SD south of Area B.

9.2   Ground Water

The Port collected ground water samples from the T108 property (old treatment plant)
and should include this in the data they provide to EPA and Ecology.  Groundwater
samples were collected from 14 wells during October 1991 (dry season) and January
1992 (wet season).  A discussion of this data was included in the draft 2001 Cleanup
Study Report in section 3.2.7 and will be briefly discussed.  Depth of ground water
ranged from 2m to 4m, but discharge rates were not determined.

No PCBs were detected in 14 groundwater samples (detection limit 0.1 ug/l), but one
duplicate sample had a value of 0.3 ug/l (Aroclor 1248).  Because PCBs are not very
mobile in groundwater and PCBs were generally undetected in groundwater samples,
PCBs in groundwater are not expected to pose a risk to aquatic receptors in the waterway.
Diesel fuel and gasoline were measured in nine of the 14 well at concentrations ranging
from 30 to 490 ug/l.  The PAH levels were compared to the Lowest Observed Effects
Level of 300 ug/l, which resulted in the conclusion that it is unlikely that PAHs pose a
risk to aquatic receptors in the waterway.  The maximum concentrations of cadmium (38
ug/l), copper (200 ug/l), lead (260 ug/l), mercury (0.3 ug/l), nickel 380 ug/l) and zinc
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(6,200ug/l) measured in groundwater samples exceeded ten times the marine chronic
Water Quality Criteria and would need to be diluted 45-fold to meet the criteria.  In the
cleanup area, mercury is the only metal that exceed the sediment standard, and this tends
to be in deeper water farther from the property or in one area inshore at T108 north of the
Diagonal SCO/SD.

Ecology has pointed out that they consider the 1992 well sampling data from T-108 to be
older then they prefer because the data is 10 years old.  Ecology would prefer to see
newer well data to verify that conditions still indicate there is no concern for ground
water to be a potential recontamination source to the cleanup site.  King County will
investigate whether the Port of Seattle has collected newer well samples from T-108.  If
newer well sampling data is available then King County will insure Ecology and EPA get
a copy as soon as possible.  If only the 1992 well sampling data is available, then King
County will work with Ecology, EPA and the Port of Seattle to obtain the data
satisfactory to the regulatory agencies.

9.3. Bank Erosion

Down stream of the Diagonal CSO/SD the river bank is a large rock wall that extends
about 900 feet down river.  This rock wall was installed in the river and then filled behind
to create the upland property.  A small cove was created immediately downstream of the
outfall and has some sediment, but this does not appear to be erosion from the nearby
banks but possibly sediment from the outfall.

Upstream of the Diagonal CSO/SD most of the bank on the old treatment plant property
has been stabilized with large rip rap.  An area behind the pier has some exposed
intertidal sediment.  This sediment was sampled and chemical analysis results showed
low chemical concentrations.  The row of sediment samples collected closest to shore
near the old treatment plant property showed low chemical concentrations.  There is no
indication of contaminated sediment located in the intertidal area, which could produce
the kind of recontamination situation that was observed at the Norfolk sediment cleanup
project.  It also suggests that bank erosion along this stretch, if occurring, is not providing
any significant source of contamination.

10.  DREDGING ACTIVITIES AS PCB RECONTAMINATION SOURCE

The greatest threat of PCB recontamination in this section of the river is from potential
dredging activities that disturb and mobilize contaminated sediments. To minimize the
risk that the future Duwamish/Diagonal sediment remediation project could be
recontaminated from nearby dredging activities, it is important to identify the location of
sediment contamination and the potential dredging projects that could disturb these
sediments

The PCBs present in sediments were introduced by historic sources and subsurface
sediments typically have higher PCB values then surface Current discharge pipes are not
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a concern for PCB recontamination, because the PCB levels are so low in the discharges.
If PCB-contaminated sediments are disturbed, they could be mobilized and then
redeposited on a nearby clean sediment remediation site. The degree of recontamination
would vary depending on the amount of sediment that is redeposited on the remediation
site and the PCB concentrations in the redeposited sediment. Any dredging activities that
cannot be completed in one dredging season will cause additional sediment disturbance in
a following year, thus increasing the time during which potential recontamination could
occur. Coordination of dredging projects could reduce potential recontamination.

10.1. PCB Recontamination

A chemical hot spot containing high PCB values is located immediately upstream of the
4.8-acre cleanup area originally proposed for the Diagonal/Duwamish site.  This hot spot
was recognized as a potential source of PCB recontamination to the near-by sediment
cleanup project.  A complete description of the PCB recontamination modeling was
included in Appendix P of the draft 2001 Cleanup Study Report and a short discussion
was included in Chapter 7 of the report.  Also, a two page summary of the modeling
result was written and included in the new Expanded Area document that was prepared
for the responsiveness summary.

The model predicted the highest rate of recontamination will occur if the upstream hot
spot is dredged during some future cleanup action.  Even without a cleanup project being
conducted at the hot spot, it is predicted that propeller wash and river currents will
resuspend some of the high PCB sediment, some of which will settle onto a near-by
cleanup project.  The Duwamish/Diagonal cleanup project has been expanded to include
the upstream PCB hot spot.  The expanded cleanup site eliminates both of these primary
sources of potential recontamination and insures that the dredging at the hot spot will not
recontaminate the cleanup in the future.

In 1984, the USACE conducted an emergency dredging action at the chemical hot spot
location directly off the old treatment plant outfall to remove a shoal that had reduced the
navigation channel depth down to -25 feet instead of the required -30 feet depth. The
USACE removed one barge load of contaminated sediment to restore the channel depth.
Detailed bathymetry from 1994 (Figure 2-4) shows "U" shaped contour lines located near
the east channel line offshore from the old /Diagonal Ave. S. treatment plant outfall on
surveys from 1992 and 1994 indicating that the USACE dredging extended slightly east
of the east channel line. The source of this rapidly appearing shoal was not investigated at
the time, but the volume of contaminated sediment is too large to be from an accidental
barge dump. Close inspection of the detailed contour lines (Figure 2-4) shows that the
1977 dredging project created a small ridge of sediment on the upstream side of the old
treatment plant outfall. If part of this narrow ridge of contaminated sediment was unstable
and slid off into the channel in 1983, it could have produced the type of shoal that the
USACE had to remove in 1984.

10.2.  Future Maintenance Dredging Projects
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The lower 9.6-km of the Duwamish River is maintained as a navigable waterway by the
U.S. Army Corps of Engineers (USACE). In the Study Area the navigation channel is
delineated by straight, parallel lines, generally aligned with the shore. The eastern side of
the navigation channel is approximately 250 feet from the east bank of the River in the
vicinity of the outfalls. The navigation channel is approximately 60 m (200 feet) wide
and about 9 m (30 feet) deep (below MLLW; Weston 1993). According to USACE
bathymetry, depths in the navigation channel range from 26 to 35 feet (all depths
MLLW). Most of the channel was dredged prior to 1960, but a portion immediately
upstream of the site was dredged in 1968 (Tetra Tech 1988).

The navigation channel is intended to be maintained at a depth of 30 feet.  However, a
1997 USACE bottom survey showed that a shoal (about 50 feet wide and more than
1,200 feet long) has developed along the east side of the waterway across from Kellogg
Island (see Figure 2-4). The northernmost portion of the shoal extends approximately to
the Duwamish/Diagonal outfalls. Eventually, dredging of this area will be required to
maintain the channel.

Cleanup Area B of the expanded Duwamish/Diagonal cleanup project extends into the
navigation channel for 50 feet and will remove this shoal.  The length of Cleanup Area B
is about 500 feet so the project will remove 500 feet of the shoal, which is the entire
down stream end of the shoal.  The proposed remediation method for portions of the
cleanup area located in the channel area or immediately adjacent to the channel is to
over-dredge the area so that when the cap is installed, the top of the cap will be 2 feet
below the navigation depth of minus 32 feet (MLLW).  The contractor will dredge the
area in the channel to a depth of minus 35 feet (MLLW) and then cap the area with a 3
foot thick layer of clean sand, which will result in the bottom elevation of minus 32 feet
(MLLW).  The 2 foot over-dredge will insure that any future maintenance dredging in the
channel that is performed by the USACE will not affect the integrity of the containment
cap nor expose contaminated sediments.

11. Slip #1 PCB SPILL AND CLEANUP ACTIONS

In 1974, a major PCB spill occurred at Slip # 1, which is located about 3,300 feet
(1,000 meters) upstream of the Duwamish/Diagonal outfalls.  About 255 gallons of near-
pure PCB (Aroclor 1242) was spilled on September 13, 1974, when an electric
transformer being loaded onto a barge was dropped and broken on the north pier of Slip
1.  The majority of the PCBs were recovered during two separate dredging actions.  In
1974, an initial clean-up was attempted using several hand dredges, which recovered
approximately 80 gallons of PCB.  Subsequent sampling determined that the remaining
fluid had spread throughout the slip and into the river channel, requiring a second
dredging. Prior to that second project, a “20-year flood” occurred during the winter of
1975/1976 and may have contributed to further spreading of contaminated sediments in
the river channel.
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In 1976, the U.S. Army Corps of Engineers (USACE) conducted a second dredging of
PCBs at the northwest corner of Slip 1 using hydraulic dredging piping the slurry
overland to settling ponds on the Chiyoda Corporation property (former Diagonal
Avenue Sewage Treatment Plant property).  Two lagoons were excavated along the
northern edge of the property in the former sewage treatment plant sludge bed areas for
treatment of about 10 million gallons of PCB-contaminated sediment.  Most of the
contaminated PCB sediment was deposited in the first receiving lagoon located closest to
the river.  The second lagoon received the overflow water from the first lagoon.  Water
pumped from the disposal lagoons was filtered through a sand, and charcoal filter to
remove suspended particles and PCBs prior to discharge to the Duwamish Waterway.

A report prepared by the USACE in 1978 estimated that the dredging removed another
170 gallons of the 255-gallon spill of Aroclor 1242 resulting in a total recovery of about
98 percent. Post-spill sediment concentrations of Aroclor 1242 ranged from 0.06 to 2400
ppm in the vicinity of the spill. The highest concentrations were at the immediate location
of the spill.  Post-dredge (5/4/76) sediment concentrations ranged from 0.03 to 140 ppm
Aroclor 1242, with the highest concentration at the remediated spill site.  PCB
concentrations were also monitored during the cleanup operation and mean
concentrations were within the normal observed ranges.  The report concluded that based
on these monitoring results, the spill did not contribute a significant PCB loading to the
Duwamish River.  However, sediment samples taken by EPA in 1998 showed measurable
levels of PCBs remain in the sediment in the dredged channel both upstream and down
stream of Slip 1 (Weston 1999).  The sediments that were dredged in 1974 and 1976
contained other PCB Aroclors in addition to Aroclor 1242, which brings up the
possibility that both these dredging projects to remove the Aroclor 1242 could have
spread sediments with other Aroclors into the navigation channel.

12. INSTITUTIONAL CONTROLS NEEDED TO PROTECT CAP

Institutional controls are restrictions that are applied to the property to limit the type of
activity that can be conducted on the property.  Specific institutional controls will needed
to be established to protect the integrity of the Duwamish/Diagonal sediment cap and will
serve as a restrictive covenant for the property.  The Port of Seattle owns and manages
the river bottom where the cleanup project will be conducted.  Consequently, the Port of
Seattle will be the authority that must agree to institutional controls and also enforce the
institutional controls.

Institutional controls are established to prevent various activities that could cause damage
to the cap, which could then result in the release of the underlying contaminated
sediment.  Examples of activities that could cause damage to the cap are dredging,
anchoring, installing pilings and other construction activities.  Some activities may be
prohibited completely, and other activities may be allowed with proper precautions and
restrictions.  For example, anchoring of large vessels with large anchors would be
prohibited to prevent large anchors from digging holes in the cap.  However, use of small
anchors for Tribal fishing nets would be allowed.  The instillation of permanent anchor
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points is one method that has been used to minimize the impact of anchoring on reefs.
Any proposals for major activities like piling installation, in-water construction, and
dredging would be evaluated with the understanding that the sediment cap must not be
compromised.

When a capping remedy is used for a Superfund sediment cleanup project, EPA requires
the landowner to sign a legal agreement with EPA.  The agreement provides legal
assurance from the landowner that the cap would not be disturbed, or if future
development plans did call for disturbance of the cleanup area, the landowner would
coordinate with EPA to ensure that the contaminated materials would be addressed in a
protective manner.  This agreement generally takes the form of a Consent Decree with
EPA.

The Duwamish/Diagonal cleanup project is not a Superfund project, but is proceeding
under the SMS process with Ecology as the lead agency. Consequently, during the Port
approval process, King County will request that the Port provide written agreement to
EPA and Ecology that the Port will adhere to all institutional controls established for the
Duwamish/Diagonal site.  King County will request that the Port execute a restrictive
covenant that is enforceable by both EPA and Ecology.

13. MONITORING OF CAPPING PROJECT

Appendix Q of the draft 2001 Cleanup Study Report contains a preliminary draft of a
Construction and Post-Construction Monitoring Plan for cleanup Area A.  This draft
monitoring plan extends over a period of 10 years and will be expanded to included
cleanup Area B. It is envisioned that the monitoring plan will be updated and revised
following final design and permitting. The hydraulic permit issued by the Washington
State Department of Fish and Wildlife typically requires a formal monitoring plan to
approve sediment cleanup projects (required for 1999 EBDRP Norfolk CSO/SD cleanup
project).

Environmental monitoring for the Duwamish/Diagonal cleanup project involves both
short-term and long-term activities. Various short-term monitoring activities are needed
to facilitate dredging activities and the placement of capping material according to plan
specifications.  There are two long-term monitoring activities, which focus on
documenting stability of the sediment cap and also determining the amount of chemical
recontamination that occurs on the surface of the cap.  The strategy for long-term
monitoring is to conduct sampling more frequently during the early years after capping
and then to reduce the frequency of sampling over time.  The long-term activities are
patterned after the 10 year monitoring plan being carried out at another EBDRP sediment
capping project called the Pier 53-55 capping project, which was constructed in Elliott
Bay during 1992.

There are seven main objectives associated with the monitoring plan and these objectives
apply to both cleanup Areas A and B.  Each objective is listed below along with a
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summary of the main activities included in the monitoring program to achieve these
objectives (see Appendix Q for additional information).  The first four objectives pertain
to short-term monitoring activities, while the last 3 objectives pertain to long-term
monitoring.

13.1.  Short-Term Construction Monitoring

Monitoring Objective # 1 is to ensure that water quality guidelines are met during
dredging, and transport of contaminated sediment from the dredging barge to the
rail/truck loading area.  Most of the chemical pollutants in the sediments to be dredged
stay attached to the sediment particles and do not become soluble in river water.  Prior to
field dredging operation, the existing chemistry data from the site assessment at
Duwamish/Diagonal will be used to calculate a TCLP (Toxic Characteristic Leaching
Procedure) prescreening to see if chemical levels in sediments are predicted to be a
potential problem for leaching.  If chemicals exceed the TCLP prescreening, then
additional sediment sampling will be performed during the design phase to directly
measure the potential for contaminants to leach from the sediment during dewatering on
the barge and whether this would pose any adverse impact to the receiving waters.

Turbidity is another water quality parameter that has established standards, but this
parameter is not always measured.  Turbidity monitoring of the water column is not
currently proposed during dredging operations, but could be included if required by
permitting agencies.  There are three main reasons for not recommending turbidity
monitoring: 1) Dredging will occur during the winter flood season when there is typically
high river flow and high turbidity; 2) The winter dredging window has been established
for regulatory purposes because during this time of year there is minimal use of the river
by important salmonid species; 3) Dredging at the Duwamish/Diagonal site represents a
relatively small volume of material compared to maintenance dredging projects.  As in
past sediment cleanup projects, the contractor will be required to conduct the dredging
operations at the Duwamish/Diagonal site with care to minimize the amount of turbidity
produced. If water column sampling were required during dredging operations, King
County Environmental Laboratory (KCEL) staff would collect the turbidity data using
PSEP recommended guidelines (PSEP 1996).

Monitoring Objective # 2 is to insure that the dredging and capping constructions are
performed according to plan specification. The dredging depths and capping elevations
will be monitored to document that the construction of the cap adheres to the
specifications in the dredge and cap plan.  Accurate measurements of the dredging depths
and capping depths are required because the payment schedule for the construction
contractor is based on the calculated volume of material dredged and the calculated
volume of capping material placed on the site.  Detailed bottom depth surveys will be
conducted prior to dredging, after dredging is completed, and after the capping material
has been placed. If surveys detect deviations from either the dredging or capping plan, the
contractor will be required to make corrections, which will be verified by conducting
additional bottom depth surveys.
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Monitoring Objective # 3 is to verify that the dredged material is below the PCB
dangerous waste level (50 ppm) and will be acceptable for landfill disposal.  For those
areas of the cleanup Area A and B that are anticipated to contain the highest PCB values,
a few composite samples of the dredged material will be collected from the haul barge
and analyzed over night to determine the PCB concentration.  Previous sampling at the
Duwamish/Diagonal site has shown that in cleanup Area A all samples were well below
the PCB dangerous waste value of 50 ppm, which means that all dredged sediment is
anticipated to be acceptable for disposal at an approved landfill.  In cleanup Area B one
of the 3 surface samples from the hot spot had a value of 85 ppm (station DUD 027),
which is over the dangerous waste value of 50 ppm.  A core sample collected from this
same station contained a value of 9 ppm in the 0-3 foot section with the highest value of
23 ppm in the 3-6 foot section.  This data showed that even though the surface grab
exceeded the dangerous waste value of 50 ppm, the core samples were substantially
below the standard.  The composite sample will be collected from the barge of dredged
sediment and analyzed over night.  If the composite sample of dredged sediment shows
PCBs at a value of 45 ppm or greater, then the disposal contractor will be notified and the
associated batch of dredge material will be directed to a landfill approved to take
hazardous waste.

Monitoring Objective # 4 is to make sure that the capping backfill material is clean prior
to placement. The chemical quality of the capping backfill material will be determined
base on collecting and analyzing one composite sample of the capping backfill material
prior to placement of the capping material.  If this capping material is obtained from
maintenance dredging at the head of navigation channel in the Duwamish River, the
sediment chemistry quality data routinely produced by the U.S. Army Corps of Engineers
for open water disposal will be compared to the SMS as a preliminary screening.
Confirmatory testing of maintenance dredge material will be performed on the first load
of dredge material while it is on the barge.  Staff from King County environmental
laboratory will collect and analyze the composite sample to represent sediment quality of
the entire barge load.  If capping material is purchased from a supplier, one composite
sample will be collected and analyzed prior to acceptance and placement of the material.

13.2.  Long-Term Monitoring

Monitoring Objective #5 is to document cap stability for isolating contaminants over
time.  Checking for sediment erosion using one of two methods will monitor stability of
the cap material.  The preferred method for measuring erosion is to use a grid of fixed
measuring stakes that extent through the cap and also extend above the cap to allow
measurement.  However, concern has been raised that the fixed stakes would become an
obstruction for Tribal gill net fishing activities conducted in this area of the river.  Efforts
will be made to design a flexible stake (similar to a bicycle flagpole) that would not snag
gill nets and would be approved by the tribe.  A grid of 13 stakes was proposed for Area
A, but a grid pattern has not yet been proposed for Area B.

The alternate approach that could be used to measure cap erosion is to conduct detailed
bottom depth surveys each monitoring year similar to the detailed bottom survey that was
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conducted at the end of cap construction to verify the cap surface elevations.  Survey data
from each year would be used as input to a computer program designed to calculate the
bottom elevations of the cap surface.  If bottom depth increased then erosion would be
indicated and would be evaluated by taking sediment cores.  If cores confirmed erosion,
then meetings would be held with regulatory agencies to determine the cause and
required solution.

Monitoring Objective # 6 is to document future recontamination of the cleanup Area A
from continuing point source discharges from the Diagonal CSO/SD outfall (primarily
the 1,230 MGY of separated storm water).  Accumulation of surface sediment
contamination on the Duwamish/Diagonal sediment cap will be evaluated by collecting
and analyzing grab samples from five stations.  These stations are in a "V" pattern with
the point towards the outfall.

Monitoring Objective # 7 is to document whether PCB contamination located on adjacent
property migrates onto the cap.  Now that the cleanup project has been expanded to
remove the PCB hot spot there should be minimal PCB recontamination from
surrounding areas.  Two or three surface grab stations would be placed on cleanup Area
B to document any potential PCB recontamination to the cleanup area.

Staff from King County environmental laboratory will collect all surface samples using a
small vessel outfitted with a crane and Van Veen grab sampler.  All samples will be
collected, handled, and processed in accordance with previous Duwamish/Diagonal
Sampling and Analysis Plans/Addenda (EBDRP 1994, 1995).  At each station a
minimum of three grab samples will be composited and homogenized for laboratory
analysis.  A stainless steel spoon will be used to collect the top 10 centimeters of
sediment from three replicate grab samples per station.  Each 0-10 cm composite sample
will be analyzed for SMS chemicals and associated parameters such as total organic
carbon, total solids, and particle size distribution.

The cap will be sampled within 3 months after cap placement to document baseline
surface sediment conditions. Surface sediment stations will be sampled each year for the
first 5 years following cap placement.  However, the frequency of sampling events to be
carried out during the second 5 years of the 10-year monitoring will be determined based
on the rate of recontamination during the first 5 years.  If recontamination appears to be
stabilized, then sampling may be reduced to alternating years or longer between sampling
events.  A project monitoring review meeting will be held after 5 years to decide future
monitoring frequency.  Chemistry data for each station will be reported in dry weight
values to show trends in chemical levels each year and will also be normalized to organic
carbon where appropriate for comparison to SMS criteria values.

Modifications may be required to the monitoring plan before it is finalized.  During the
permitting process and public review for the project, regulatory agencies or affected
parties may request additional monitoring.  Even after the annual monitoring program is
underway, revisions may be needed to the monitoring plan to respond to the results
obtained.  For example, if chemical levels in surface sediments eventually reach the CSL
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value for phthalates, then the monitoring program will be expanded to include bioassay
testing methods outlined in the sediment management standards, which will show
whether biological toxicity occurs at the numeric CSL value.
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Inventory of King County Data
Brandon Street CSO

Sediment Chemistry
Study Year Ammonia BNAs Butyltin Mercury Metals Methyl Hg PCBs Pesticides PSD Solids Sulfides TOC Volatiles
NPDES CSO Sediment Baseline Study (1 grab) 1990 0 1 0 1 1 0 1 1 0 1 1 1 0
EB/DRP CSO Sediment Baseline Study (4 grabs) 1992 0 4 0 4 4 0 4 4 0 4 0 4 4
CSO Water Quality Assessment (17 grabs) 1997 17 12 13 17 17 17 12 0 17 17 17 17 0

CSO Effluent Chemistry and Microbiology Number of Samples
Study Year Ammonia BNAs Conductivity Demands Fec. Coliform Hardness Mercury Metals Microtox Nitrate/Nitrite PCBs Pesticides pH Solids Temperature
NPDES CSO Baseline Monitoring 1990 0 1 0 4 4 0 4 4 0 0 4 4 0 4 0
CSO Water Quality Assessment 1996-97 34 31 58 35 35 34 89 81 105 16 10 9 57 71 59

Receiving Water Chemistry and Microbiology Number of Samples
Study Year Ammonia BNAs Conductivity Diss. Oxygen Demands Fec. Coliform Hardness Mercury Metals Nitrate/Nitrite PCBs Pesticides pH Solids Temperature
CSO Water Quality Assessment 1996-97 192 36 216 120 6 192 6 24 244 132 2 2 192 384 216

Tissue Chemistry Number of Samples
Study Year BNAs Butyltin Lipids Mercury Metals PCBs Pesticides Solids
CSO Water Quality Assessment (Total Samples) 1996-97 29 29 29 29 29 29 9 11
     Dungeness Crab 1997 2 2 2 2 2 2 0 2
     English Sole 1997 6 6 6 6 6 6 0 6
     Shiner Perch 1997 3 3 3 3 3 3 0 3
     Transplanted Mussels (dry season) 1996 6 6 6 6 6 6 6 0
     Transplanted Mussels (wet season) 1997 6 6 6 6 6 6 0 0
     Wild Mussels (dry season) 1996 3 3 3 3 3 3 3 0
     Wild Mussels (wet season) 1997 3 3 3 3 3 3 0 0

Specialized Sampling
Semipermeable membrane devices (SPMD) were deployed in April, 1997, at two depths near the Brandon Street CSO outfall in association with the CSO Water Quality Assessment.  The SPMD were analyzed for polynuclear aromatic hydrocarbon compounds,
PCBs (Aroclors and congeners), and chlorinated pesticides.

Notes
CSO  -  Combined Sewer Overflow

BNAs  -  Base/Neutral/Acid Exctractable Semivolatile Compounds
Methyl Hg  -  Methyl Mercury

PCBs  -  Polychlorinated Biphenyls
PSD  -  Particle Size Distribution (Grain Size)
TOC  -  Total Organic Carbon

NPDES  -  National Pollutant Discharge Elimination System

Number of Samples

 



   

Inventory of King County Data
Chelan Avenue CSO

Sediment Chemistry
Study Year Ammonia AVS/SEM BNAs Butyltin Mercury Metals PCBs Pesticides PSD Solids Sulfides TOC
NPDES CSO Baseline Sediment Study (6 grabs) 1995 6 1 6 0 6 6 6 6 6 6 6 6
EB/DRP Chelan Storm Drain Sediment Study (3 grabs) 1995 0 0 3 3 3 3 3 3 3 3 0 3
NPDES CSO Baseline Sediment Study (2 grabs) 1996 0 0 2 0 2 2 2 0 2 2 0 2

Sediment Bioassays Number of Samples
Study Year Amphipod Echinoderm Polychaete
NPDES CSO Baseline Sediment Study (5 grabs) 1996 5 5 5

CSO Effluent Chemistry and Microbiology Number of Samples
Study Year Ammonia BNAs Conductivity Demands Fec. Coliform Hardness Mercury Metals Microtox Nitrate/Nitrite PCBs Pesticides pH Solids
NPDES CSO Baseline Monitoring 1994-95 0 1 0 3 3 0 3 3 0 0 1 1 0 3
CSO Water Quality Assessment 1996-97 22 22 23 22 22 23 23 23 22 12 1 1 23 38

Receiving Water Chemistry and Microbiology
Study Year Ammonia BNAs Conductivity Diss. Oxygen Fec. Coliform Mercury Metals Nitrate/Nitrite pH Solids Temperature
Stream Monitoring Station 0305 1988-2001 204 0 204 274 202 0 0 203 204 204 202
CSO Water Quality Assessment 1996-97 192 42 234 120 192 121 234 22 192 192 240

Current Meters
An accoustic doppler velocity profiler (ADVP) current meter was deployed in the vicinity of the Chelan Avenue CSO for a period of 12 months from August, 1996 to August, 1997, in association with the CSO Water Quality Assessment.

Hydrolab® Datasondes
Three Hydrolab® Datasondes were deployed in the vicinity of the Chelan Avenue CSO to collect salinity, temperature, turbidity, and depth data for a period of 12 months from August, 1996 to August, 1997, in association with the CSO Water Quality Assessment.

Notes
CSO  -  Combined Sewer Overflow

AVS/SEM  -  Acid Volatile Sulfides/Simultaneously Extractable Metals
BNAs  -  Base/Neutral/Acid Exctractable Semivolatile Compounds
PCBs  -  Polychlorinated Biphenyls
PSD  -  Particle Size Distribution (Grain Size)
TOC  -  Total Organic Carbon

NPDES  -  National Pollutant Discharge Elimination System

Number of Samples

Number of Samples

 



   

Inventory of King County Data
Hanford Street CSO

Sediment Chemistry
Study Year Ammonia AVS/SEM BNAs Mercury Metals PCBs Pesticides PSD Solids Sulfides TOC
NPDES CSO Baseline Sediment Study (7 grabs) 1995 7 1 7 7 7 7 7 7 7 7 7
NPDES CSO Baseline Sediment Study (3 grabs) 1996 0 0 3 3 3 3 0 3 3 0 3

Sediment Bioassays Number of Samples
Study Year Amphipod Echinoderm Polychaete
NPDES CSO Baseline Sediment Study (6 grabs) 1996 6 6 6

CSO Effluent Chemistry and Microbiology Number of Samples
Study Year Ammonia BNAs Conductivity Demands Fec. Coliform Hardness Mercury Metals Microtox Nitrate/Nitrite PCBs Pesticides pH Solids Temperature
CSO Water Quality Assessment 1996-97 24 24 35 29 20 24 57 63 99 13 6 6 35 62 39

Receiving Water Chemistry and Microbiology
Study Year Ammonia BNAs Conductivity Diss. Oxygen Fec. Coliform Mercury Metals Nitrate/Nitrite pH Solids Temperature
CSO Water Quality Assessment 1996-97 192 42 192 120 192 24 234 132 192 384 192

Tissue Chemistry
Study Year BNAs Butyltin Lipids Mercury Metals PCBs Pesticides
CSO Water Quality Assessment (Total Samples) 1996-97 6 6 6 6 6 6 3
     Wild Mussels (dry season) 1996 3 3 3 3 3 3 3
     Wild Mussels (wet season) 1997 3 3 3 3 3 3 0

Notes
CSO  -  Combined Sewer Overflow

AVS/SEM  -  Acid Volatile Sulfides/Simultaneously Extractable Metals
BNAs  -  Base/Neutral/Acid Exctractable Semivolatile Compounds
PCBs  -  Polychlorinated Biphenyls
PSD  -  Particle Size Distribution (Grain Size)
TOC  -  Total Organic Carbon

NPDES  -  National Pollutant Discharge Elimination System

Number of Samples

Number of Samples

Number of Samples



   

Inventory of King County Data
King Street CSO

Sediment Chemistry
Study Year BNAs Mercury Metals PCBs Solids
NPDES CSO Sediment Baseline Study (6 grabs) 1988 5 6 6 5 6

CSO Effluent Chemistry and Microbiology Number of Samples
Study Year Ammonia BNAs Conductivity Demands Fec. Coliform Hardness Mercury Metals Microtox Nitrate/Nitrite PCBs Pesticides pH Solids Temperature
CSO Water Quality Assessment 1996-97 22 22 23 22 18 23 46 46 78 14 7 4 23 47 29

Receiving Water Chemistry and Microbiology
Study Year Ammonia Fec. Coliform Nitrate/Nitrite Phosphorus Salinity Silica Temperature
Beach Monitoring Station LTEH02 1988-98 37 163 37 37 32 37 159

Tissue Chemistry
Study Year BNAs Butyltin Lipids Mercury Metals PCBs Solids
CSO Water Quality Assessment 1997 1 1 1 1 1 1 1

Notes
CSO  -  Combined Sewer Overflow

BNAs  -  Base/Neutral/Acid Exctractable Semivolatile Compounds
PCBs  -  Polychlorinated Biphenyls

Number of Samples

Number of Samples

Number of Samples
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• Fails CSL (WAC 173-204-520).  The test sediment has a significantly higher (P<0.05)
mean mortality than the reference sediment, and the test sediment mean mortality is 30
percent greater than the reference sediment.

Amphipod bioassay results are summarized in Table 4.8.  Station DUD204 was the only station to
exceed SMS biological criteria.

4 . 6 . 24 . 6 . 2 E c h i n o d e r m  L a r v a l  B i o a s s a yE c h i n o d e r m  L a r v a l  B i o a s s a y

The sediment larval test using the echinoderm Dendraster excentricus was conducted for seven test
sediments, two reference sediments, two control sediments, and one seawater control.  The seawater
control met the applicable SMS performance criteria for the echinoderm test.  SMS interpretive results
were determined using the following SMS biological effects criteria:

• Fails SQS (WAC 173-204-320).  The test sediment has a combined abnormality and
mortality that is more than 15 percent greater than the reference sediment, and the
difference is statistically significant (P<0.10).

• Fails CSL (WAC 173-204-520).  The test sediment has a combined abnormality and
mortality that is more than 30 percent greater than the reference sediment, and the
difference is statistically significant (P<0.10).

Echinoderm bioassay results are summarized in Table 4.8.  Station DUD206 was the only station to
exceed SMS biological criteria.

Table 4.8  BIOASSAY RESULTS AND SMS INTERPRETATION
Amphipod Bioassay 20-Day Juvenile

Polychaete
Echinoderm Larval

Station ID Reference
Match

%Mortality
(Mean)

SMS
Status

Growth Rate
(Mean)

SMS
Status

%Mort./Abn
(Mean)

SMS
Status

Test Sediment P9446-2(Ref)
DUD200 P9446-2(Ref) 13 Pass 0.60 Pass 32.46 Pass
DUD201 P9446-2(Ref) 21 Pass 0.55 Pass 34.55 Pass
DUD202 P9446-2(Ref) 18 Pass 0.62 Pass 34.97 Pass
DUD203 P9446-2(Ref) 22 Pass 0.59 Pass 32.83 Pass
DUD204 P9446-2(Ref) 26* >SQS 0.51 Pass 16.63 Pass
DUD205 P9446-2(Ref) 19                         Pass 0.54 Pass 15.88 Pass
DUD206 Control B 4 Pass 0.52* >SQS 34.17* >SQS

Controls:
P9446-1(Ref) 6b 0.48d 27.06f

P9446-2(Ref) 8b 0.60d 29.04
Control A 3a 0.82c 30.96
Control B 1a 0.77c 15.24
Seawater 11.82e

Footnotes:
a Control sample passes performance criteria of <10% mortality




